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PREFACE TO THE NINTH EDITION.

I~ this, as in former editions of this work, it is aimed, first, to give
to students and practitioners of medicine the knowledge necessary for
the making of autopsies, the preservation of tissues and their prepara-
tion for microscopic examination; second, to consider the characters
of the general processes which underlie the various manifestations of dis-
ease; third, to set forth the nature of infection and immunity, and to de-
seribe concisely, with such illustrations as seem neccessary, the lesions of
the acute infectious diseases and, so far as they are known, the micro-
organisms inciting them, the various phases of degeneration and inflam-
mation, the characters of tumors, and the lesions of the general diseases,
of poisoning, and of violent deaths; and, finally, to describe briefly the
special lesions of different tissues and organs of the body.

In this edition, the section devoted to general pathology has been re-
written and expanded, and. various phases of pathological physiology have
received more attention than formerly. Also, in this, still more than in
the last editions, stress has been laid upon the relationships of pathology
to the allied phases of biological science, and, where it might be done
without hazard to the more urgent practical aims of the work, disease
has been considered as an adaptive process, and pathology viewed as one
aspect of the diverse manifestations of life and energy, rather than
as belonging to a special and exclusively human domain.

Dr. Delafield no longer shares in the preparation of the work: so
that the writer, deprived of the wise counsel and large experience of
the senior author, is alone responsible for such alterations and additions
as have been made in this as in the last three revisions.

The great and rapid accumulation of data in the wide field which
this book covers has made necessary the exclusion in large measure
of those phases of clinical diagnosis and practical bacteriology which are
now more adequately covered in special and in larger treatises. The
limitations of the book have made it necessary also to omit the con-
sideration of many suggestive facts and recent alluring speculations
bearing upon various aspects of pathological physiology, the significance
and value of which are not yet adequately determined.

The book has been largely revised. A few of the older illustrations
have been discarded, while over forty new ones have been added.

The references in foot-notes have been revised and considerably
increased, the intention in these has been in part to indicate special
studies or reviews relating to the theme under consideration; but more
particularly to point out here and there publications in which a fuller
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iv PREFACE TO THE NINTH EDITION

bibliography may be found than is consistent with the scope and limi-
tations of this work.

The chapter on the Blood and the Blood-forming Organs and the
chapter on Tumors have been rewritten, and the scction on Malaria
revised, by Professor Francis Carter Wood. My obligation to Professor
Wood is very great, not only for the revisions of the text indicated,
but for many helpful suggestions embodied throughout the work and
for counsel and aid without which the preparation of this edition
would have been impracticable.

For assistance in the preparation of material brought forward from
the last edition I wish to express my continuing indebtedness to Drs.
F. R. Bailey, Edward Leaming, and W. C. Clarke, and to Professors
F. . Wood, Philip Hanson Hiss, John H. Larkin, and Augustus B.
Wadsworth.

To Professors Hiss, Wadsworth, Zinnser, and Wright, and to Drs.
Flexner, Noguchi, and Terry I am indebted for the privilege of repro-
ducing photographs and for many helpful suggestions.

I wish, finally, to record my appreciation of the skilful service and
invaluable cooperation of Miss. S. M. Wood in the final preparation for
the press of the material for this edition, in correcting the proof, and in
indexing the work.

T. MITCHELL PRUDDEN
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GENERAL PATHOLOGY.






INTRODUCTION.

THE successful pursuit of pathology—the science which treats of
disease—depends largely upon the clearness and accuracy of the student’s
knowledge of normal anatomy and normal physiology. The possession
of such knowledge by the reader is necessarily assumed in this epitomized
presentation of a large and rapidly extending field of observation and
research.

The Nature of the Living Body.—Leaving aside as not indispensable,
and at present not attainable, an accurate definition of life, it is impor-
tant constantly to realize that the normal living body is a complex
and delicate mechanism incapable of creating new forces, but able, by
means of its cellular and molecular organization, to accumulate or store
energy derived from without, releasing this under fixed and definite
conditions. This storing of energy is possible by means of the capacity of
living body-cells to build up complex molecular combinations. These,
owing to their instability, may be readily resolved into less complex and
more stable combinations with the release of the stored-up energy.
This it is which makes possible all expression of life.

The Chemistry of Life.—The complex molecular combinations through
which energy is stored and released by cells during the processes of life
are especially characterized by their content of carbon, nitrogen, hydrogen,
oxygen, and sulphur. Iron and phosphorus are found in some of them
while numerous other elementary substances often share in their composi-
tion. Such molecular combinations are called proteins. There is reason
to believe that the proteid molecule is of great size and complexity, that
during life it is capable of entering upon an exceedingly great variety of
combinations and readjustments of its structure conditioned upon heredity
and environment.

While the chemist in his researches deals largely with dead protein, it
has been found convenient by certain writers to embody a conception
of the living proteid molecule in the terms btophore or btogen.

It is inevitable that the proteins and their performances while sharing
in the processes of life, and the various influences which determine these
performances, should fix the storm centre of research into the nature of
life and offer the highest promise of light upon the ultimate and funda-
mental problems of biology. But we must be patient and not too eager
to carry the formule and the working hypotheses of the chemists, with-
out due reserve, over into the domain of living things, whose story and
performances, and limitations we are only just beginning to spell out.

The details of the chemistry of the life processes, so far as they are
known, and their relationship to protein substances and protein metab-

3



4 INTRODUCTION

olism in general, to ferments and to enzymes, and a consideration of the
successes, the hopes, and the dreams of the chemists within this borderland
of living matter, belong in those studies in physiological chemistry and
chemical physiology which naturally precede the consideration of the
problems of pathology, and should be sought in special treatises.

The Characters of Disease.—Many of the earlier views concerning life
and death and health and disease, which have long since given way to
more accurate conceptions, still hold a certain sway among the thought-
less, perpetuated by traditional forms of speech. One of these is that
disease is an entity, something foreign to the body which may enter from
without, and with which the body may struggle and fight, which it may
conquer or to whose ravages it may succumb. It will be wise for the
student constantly to remember that disease is not a thing, but a process.
It is an abnormal performance of certain of the functions of the body.
This may or may not be associated with appreciable morphological altera-
tions of the body structure. It is those agencies and conditions to which
the body has not adapted itself, which, swaying its normal capacities now
one way and now another, induce the functional aberrations and struc-
tural alterations by which disease is manifested.

It follows from this that the functional abnormalities and the struc-
tural alterations which make up the signs, symptoms, and lesions of dis-
ease involve the expression of no new functional capacities which the
normal body docs not possess. These may be diminished or exalted;
they may be perverted or abolished; or the cells may now and then re-
vert to forms and to phases of activity which the body has long since
outgrown or largely suppressed in its slow adaptation to conditions of
life which now constitute the normal. But the body in disease manifests
no new functions, develops no new forms of energy, reveals no new
capacities.

The Significance of Cells in Pathology.—If pathology is to be for the
student or the practitioner anything but a mass of more or less useful facts
he must learn to correlate its data with the facts and laws of normal
morphology and normal physiology. While he should be conscious
always, on the one hand, of the invisible molecular changes which under
liec the manifestations of energy, and, on the other, will not ignore the
details of gross morphology, his attention will be most constantly drawn
to the cells as the life units upon which ultimately both the form and
function of living things depend. He will realize that as the cells of the
normal body are what they are in form and in function because of the
conditions under which they have been slowly evolved, and are at the
moment placed; so when the conditions change and become abnormal,
it is to the cells that he must look for an understanding of the aber-
rations and disturbances by which we recognize disease.

In normal physiology attention is most keenly centred to-day upon
the structure and performances of cells as the field richest in the promise
of significant revelations. So, also, in pathology by similar methods
and with equal persistence must the structure and performances of cells
under abnormal conditions be studied if we are to hope with reason for
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a clearer comprehension of disease. This has long been recognized, and
to the conception of the pathological processes as essentially cellular
processes are due the great advances which this phase of biological science
has made during the past few decades. But the newer knowledge of the
cell, not as a membranous bag nor as a mere lump of protoplasm, but as
a complex machine whose various structural features are of the utmost
significance, has greatly widened the field of cellular pathology.

Manifestations of heredity which are displayed in the body as a
whole have long been known. To-day we may and must take account
of the marks of heredity in individual cell life. Not a few of what we
call the aberrances of cells in disease are but the expression of cell traits
and capacities latent in the environment which has become the usual and
therefore the normal, but finding expression as the sway of the body-
organism is released under disturbances of its equilibrium. Thus cells
thrown out of function may in a measure revert in character to less dif-
ferentiated types, and cells long comparatively quiescent may, under
varying stimuli, assume capacities and forms which-they seemed to have
outgrown.

Of course, in the pursuit of pathological morphology it is the dead
body and dead tissues with which we are most often cngaged. But these
are of special interest only as they reveal structures or indicate processes
which were maintained during life. So that he who can most closely
correlate the knowledge of the living cells with his observations upon
thosc which are dead will gain most from his morphological studies.

The Interrelationship of Cells and of Organs.—While the pathology of
to-day is essentially a cellular pathology, while it is illuminating and con-
venient to consider the cells as physiological and structural units, main-
taining a certain independence of existence and function, it is neverthe-
less true that beyond their mere juxtaposition in the body, beyond a close
mutual dependence upon the common blood supply and nerve control,
there is a subtle and as yet little understood transmission of physiological
impulses from cell to cell. Whether this is often by protoplasmic con-
tinuity or usually in some other way, we do not know. But it should not
Le left out of the account in some of the more complex and subtle prob-
lems which, in health as in disease, the life of the cell and the life of the
body present. .

The interrelationship of organs, and the innervation and circulation
which they share in common, have most important bearings upon both
the morphology and physiology of disease. This relationship will be
considered briefly in the later chapters of this book, but should receive
especial attention in the study of clinical pathology.

The Excitants of Disease.—When we study the so-called causes of
disease, we should remember always that, underlying the manifestations
of disease, as well as sustaining the correlated processes which we name
health, are the complex and ceaseless chemical transformations which in
both health and disease alike supply the energy which sustains all ex-
pression of life. So that what we are wont to call the causes, whether
external or internal, of disease are really not primary causes, but liber-
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ating impulses or excitants which sway and modify the orderly transfor-
mations of energy constituting health, with those manifestations of per-
turbed function or altered structure, or both, on which our conceptions of
disease are framed.

Phases and Classifications of Pathology.—Pathology, then, deals with
the disturbances of function and the alterations in structure in living
beings, induced by unusual agencies and conditions. The functional
disturbances thus induced are embraced as symptoms of disease in
pathological physiology, which so largely dominates the scientific activi-
ties of the physician and forms the basis for the practice of his art. The
phenomena of pathological physiology are in no sense opposed to those
of normal physiology, but are their inevitable correlatives when the
living body is placed under sufficiently abnormal conditions. Patho-
logical morphology is concerned with the structural alterations of the
organism which may result from abnormal conditions. Pathological
morphology deals with both the gross and the microscopic alterations of
structure, and hence embraces both pathological anatomy and pathological
histology.

But alterations in structure are so closely associated with disturbances
in function, and both are so constantly dependent upon the inciting fac-
tors in disease, that an intelligent study of morphology necessitates a
constant consideration of etiology and of certain phases of pathological
physiology.

It is customary and convenient in the study of pathology to consider
together the general or elementary abnormal processes and conditions
and the ctiological factors in discase without reference to their special
manifestations in particular organs or parts of the body. This division
of the subject is called General Pathology. Special Pathology deals with
the forms and details of lesions in individual organs or parts of
the body.

Correlated Sciences.—The human body is so complex in its organiza-
tion that the student of pathology, like the student of normal morphology
and physiology, is under the constant necessity of secking light through
the study of simpler organisms. In our extremely differentiated and
intimately co-ordinated cells, many features fundamentally simple are
veiled or modified; so that we can understand them only when we inter-
pret them in the light of less advanced forms.

Thus it is that in the lore of the zoologist and the botanist we may
find the key to obscure and important manifestations of aberrant cell
life. It is, in truth, through the pursuit of comparative pathology that
some of our greatest advances in the conceptions of disease have been
won, and in it lies the brightest promise for the future. In the light of
embryology many obscure pathological processes become plain and many
clews to fruitful rescarch are secured.

Furthermore, so much depends upon the metabolism of the body in
health and disease that it is to chemistry, both in health and disease,
that the scientific physician looks most eagerly for the solution of prob-
lems which each day become more numerous and urgent.
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Finally, we are daily realizing more clearly that in those complex and
subtle processes which we are wont to call vital, such physical factors as
molecular constitution,surface tension, osmosis and diffusion, gravitation,
elasticity, and pressure are of the highest significance and in our studies
cannot be wisely ignored.



CHAPTER 1.
THE CONDITIONS OF DISEASE.

Adaptation in Health and Disease.—The human body, like other
living organisms, has acquired its present form and its varied functions
through gradual adaptation to its environment.

The maintenance of the normal life of the body involves a normal
mechanism and impulse to start with, and a constant and successful
adjustment to the conditions under which it is placed. While the
continuance of the state which we call health depends upon the approxi-
mate maintenance of the external conditions to which the body has
become adapted, it should be borne in mind that the adaptive capacity
of the body is in many ways so effective that it can maintain its normal
structure and functions in spite of unusual surroundings and adverse
influences. Thus, for example, the body can adapt itself, within the
limits of what we call health, to alterations, deficiencies, or excesses of
nutrient material; to varying extremes of heat or cold, moisture or dry-
ness; to electrical tension; to.animal and vegetable parasites; and to
various poisons, both those which come from without and those which
result from faulty metabolism. Beyond certain rather ill-defined limits,
however, the adaptive capacity cannot go, and discase results.

Disposition to Disease.—The adaptive capacity may vary greatly in
different individuals, depending upon age, sex, race, etc., so that adverse
conditions which one individual can sustain without marked functional
disturbance or structural damage may induce in another more or less
serious discase. There is thus disposition and relative immunity to dis-
case. For example, children are in general much more disposed to cer-
tain diseases than are adults. This disposition to disease is not, however,
always fixed, but may give way to immunity under conditions which we
shall study cspecially in the acute infections.

Disposition to disease may be inherited and find expression through
obvious structural abnormalities or through subtle functional defects,
difficult or impossible to define or detect.

Classes of Disease Conditions.—The harmful conditions to which the
body may be subjected and which incite disease may be divided into two
classes, external and internal. 'We may thus speak of external and inter-
nal conditions of discase.

It does not fall within the scope of this book to enter upon a dis-
cussion of the many and varied conditions under which disease occurs,
nor to place in array the many and wearisome phases of classification
which have been more or less imposing or useful in the earlier days of

8
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pathology and medical practice. We shall consider here only some of
the more general conditions of disease, referring for a study of the de-
tails of the specific excitants to later chapters.

External Conditions of Disease.

Disturbances of Nutrition.—The body may suffer through excessive
or deficient nourishment. Too much food may in certain, though not
in all, persons lead to an abnormal accumulation of fat. Too much food
or unsuitable food may lead to disorders of the digestive apparatus
or it may lead to the production within the body of metabolic sub-
stances which seriously damage important organs. There is much
reason for believing that through such faulty metabolism forms of
auto-intoxication may arise which damage the parenchyma of the
liver and kidney, for example, so that structural as well as functional
disorders arise.

On the other hand, through insufficient nutriment the fat may
disappear, the voluntary muscle substance diminish, and the blood
deteriorate. Inanition may, however, occur in persons whose food
supply is both abundant and suitable; for example, in structural or
functional disorders of the digestive organs, in the insane, etc. Nutri-
tion may suffer also in the absence of a sufficient amount of water or
proteids or inorganic salts in the food.

Air Supply.—Through the function of respiration a supply of oxygen is
furnished to the blood in the recesses of the lungs, and excretory prod-
ucts are carried off. The failure of this function may be due to a lack
of air bearing the oxygen or some interference with the respiratory
channels or mechanism. The failure of oxygen to reach the lungs in
proper condition and quantity is followed by forcible respiratory efforts
which mark dyspnea. A fatal suppression of respiration by the ex-
clusion of air is called suffocation or strangulation. Asphyzia is a con-
dition in which respiration is suspended, but the heart continues to beat.
This condition is of frequent occurrence in the new-born, and is associ-
ated with many forms of disease of the respiratory organs. For a more
detailed consideration of asphyxia, suffocation, and strangulation see
p. 442.

Occupation.—Many diseases are closely dependent in origin upon
unsanitary conditions associated with occupation. The dusty air
prevalent in many stores, factories, theatres, court-rooms, prisons,
schools, etc., may damage the lungs directly and render them more
vulnerable in the presence of pathogenic micro-organisms. The high
temperature and foul air common in many places of work or assembly
may be serious predisponents to disease. Finally, the abuse of alco-
holic drinks and tobacco may be cited among many common excesses
as agencies through which the conditions of disease are fulfilled.

Damage from Excessive or Deficient Heat.—Through the heat-regu-

1 Consult for a résumé of nutrition in health and disease, Lusk, ‘‘ Elements of the Science of Nutri-
tion,"” 1906.
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lating mechanism of the body a remarkable adaptation to moderate
elevations of temperature is possible. But the maintenance of life is
incompatible with very high temperatures.

Local exposure to both extreme heat and extreme cold induces necro-
sis and various phases of inflammation of the tissues.

Death may be caused by the inspiration of smoke and flame; by the
drinking of hot fluids; by the direct contact of flame or hot substances
with the external surface of the body. It may be due to the direct effect
of the agents, to secondary affections of the viscera, or to the exhaustion
produced by long-continued inflammation and suppuration. Sudden
death may occur after extensive burnings of the skin.

The burned skin divested of epidermis may present a peculiar red, hard, parchment-
like appearance. If the patient have lived for some time, suppuration of the injured
surface may ensue. Or there are small, bladder-like elevations of the epidermis. The
base of these blisters is red, and they are surrounded by a red zone, or suppuration
may have commenced. These appearances cannot be produced by heat applied to
the skin after death.

After death from severe burns there is apt to be congestion of the brain and the
thoracic and abdominal viscera. The lymph-nodes and the lymphatic tissues through-
out the body may be swollen and the seat of endothelial cell proliferation and necrosis.
There is usually albuminous degeneration of the liver and kidneys; the spleen is
swollen, and the seat of focal necrosis. Focal necrosis in the bone marrow has been
noted. There may be capillary thromboses, interstitial hemorrhages in the kidney,
and leucocytosis. These lesions indicate the presence of toxic substances in the body
ﬂui'ds, ;md thus the general condition may be regarded as an instance of auto-intoxi-
cation.

Secondary lesions are not infrequent after severe burns. There may be cedema of
the glottis, pseudo-membranous inlammation of the larynx and trachea, pneumonia,
ulceration of the duodenum, and pymia with infarctions in the lungs, liver, spleen,
and kidneys.

Excessive cold may lead to the extinction of life in the body as a
whole or in exposed parts, which cannot long resist freezing.

Electricity.—Lightning.—Persons who are struck by lightning may die
instantly, or may continue for several hours comatose or delirious, and
then either die or recover; or they may die after some time from the effects
of the burns and injurics received.

The post-mortem appearances are very variable. Sometimes there
are no marks of external violence or internal lesions. Sometimes the
clothes are burnt and torn, while the skin beneath them is unchanged.
Usually there are marks of contusion and laceration, or ecchymoses,
or lacerated, punctured wounds, or fractures of the bones, or super-
ficial or deep burns. The track of the electric current may sometimes
be marked by dark red arborescent streaks on the skin. Fractures
are rare.

The internal viscera may be lacerated and disorganized from lightning.

Artifictal Electrical Currents.—In death from powerful artificial elec-
trical currents, either by accident, as in linemen and others, or in elec-

1 For a study of sudden death following severe burns, consult Silbermann, Virch. Arch., Bd. cix.,
p- 488, 1890, bib.

2 For a study of the visceral changes following extensive burns, consult Bardeen. Jour. Exp. Med.,
vol. ii., p. 501, 1897, bib. McC'rae, Trans. Ass. Am. Phys., vol. xvi., 1901, p. 153; also, Locke, Boston
Med. and Surg. Jour., vol. exlvii., p. 480, 1902, bib.
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trical executions, there may be local burnings of varying degree where
the wires or electrodes come in contact with the skin. The clothes may
be pierced with holes at the point of exit of the current. Internally
there appear to be no marked or characteristic lesions, either gross or
microscopical, in this form of death. Van Gieson and others have ob-
served the occasional, but not constant, occurrence of small hemor-
rhages in the floor of the fourth ventricle, the significance of which is
doubtful. Other petechial spots have been observed beneath the
serous surfaces of the endocardium, pericardium, and pleura, and on the
spleen.’

Roentgen Rays and Radium.—Exposure of the skin to the z-rays
may lead to inflammation of the skin or to necrosis.?

Radium 'may induce similar changes.

Trauma.—The various forms of mechanical injury which the body
may suffer need not be considered here in detail. The significance to
life and health depends upon the extent of the injury and the part of
the body affected. Thus, a concussion of the brain, even without
obvious structural lesion, may be immediately fatal, while excessive
laceration or crushing of a limb or muscle may be readily recovered
from.

Foreign Bodies.—We shall see later how the presence of lifeless
foreign bodies, or of animal and vegetable parasites—bacteria, pro-
tozoa, etc.—may be harmful to the organism, and the adaptive measures
by which in favorable cases protection is secured.

Poisons.—Certain forms of poisons are to be reckoned among the
external agents harmful to the body. These will be considered in a
later section.

Increased Atmospheric Pressure (Caisson Disease).—An extreme in-
crease in atmospheric pressure, such as is often nowadays maintained
in tunnels, caissons, and other construction works, is sometimes the
occasion of death, especially when the pressure is relieved by a too sud-
den return to normal conditions, that is, in what is technically called
decompression. The danger seems to lie, apart from individual sus-
ceptibility, in the rapidity of the decompression.

When the pressure is relieved, susceptible individuals may breathe with difficulty,
be cyanosed, and bleed from the nose, ears, eyes, and other mucous membranes. There
may be pain in the joints, muscles, and abdomen. There may be paralyses, especially
of the lower extremities. The bodies of the victims are often contorted from the
muscu ar contraction, hence the common name of the condition, “ the bends.” All of
these symptoms may be promptly relieved by recompression. On the other hand,
susceptible persons may succumb within a few hours to the disorder.

The lesions in fatal cases are quite variable. During compression the blood ab-
sorbs an abnormal quantity of the gases from the air. In decompression these escape,
and to this “frothing” of the blood in too rapid decompression the symptoms and
lesions of caisson disease are, in part at least, due. On external inspection no lesion
may be evident; or there may be marked cyanosis of the face and mucous membranes

1 Van Gieson, ‘* A Report of the Gross and Microscopical Examination of Six Cases of Death by
Strong Electrical Currents,” New York Medical Journal, May 7th and 14th, 1892. Cunningham,
‘“The Cause of Death from Industrial Electric Currents,” New York Medical Journal, vol. Ixx., pp.
581 and 615, 1899. Jelliffe, Peterson and Haines' ‘' Text-book of Legal Medicine,” p. 245.

2 For a study of lesions in x-ray examinations see Wolbach, Jour. Exp. Med., xxi, 415, 1909.
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of the mouth, nose, etc. Crepitation of the skin may be elicited on light pressure,
even though the skin be not obviously puffed up. The internal lesions are also vari-
able. Of these, general venous congestion and frothy blood in the veins and capillaries
are the most constant and characteristic. The gas in the vessels may be best seen in
the pia mater cerebralis (Fig. 1) and in the omentum. Petechidl heemorrhages may

F1c. 1.—Ca1880N DisEaAsE.
Air in the vessels of the pia mater on the surface of the brain.

be found in the brain and cord. Also the gas sometimes accumulates in small blebs in
the nerve tissue.

In cases which recover from the primary effects of the pressure there may be
secondary degenerations in the nervous system, paralysis, emaciation, trophic ulcers,
ete.

Internal Conditions of Disease.

In distinction to those external agencies which lead to disease, there
are many conditions of the body itself which are incompatible with the
maintenance of health. Thus, there are general conditions, due to dis-
turbances of metabolism, such as diabetes and gout, which we shall con-
sider separately later, in which abnormal amounts of sugar and uric acid
are present, leading to many local and general disturbances.

But by far the more common internal conditions associated with dis-
case are the structural and functional alterations of the various organs of
the body, which may lead directly or indirectly to the most complex
departures from the normal. Some of these will be considered more in
detail in later sections of this book. We may note here, however, as
examples, a few of these complex relationships between local lesions
and the general welfare of the organism.

Lesions of the heart valves lead to disturbances of the circulation of
the blood in various parts of the body, so that, as we shall see later,
both functional and structural changes harmful to the individual may
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occur in important viscera, for example, in the lungs, the kidney, liver,
blood-vessels, etc., and secondarily in the walls of the heart itself.

In the gastro-intestinal canal defective innervation, or trauma, or
tumors, or constrictions may lead to the accumulation of ingested material,
to innutrition, to intoxication through decomposition of the albuminous
or other ingredients of the retained material.

So in the liver, an insufficient production of bile or an occlusion of
the gall-ducts may lead to digestive disturbances, to a deposition of
bile pigment in various parts of the body—icterus; to the accumulation
of bile in the blood—choleemia. On the other hand, an overproduction
of bile may take place in the destruction of abnormal quantities of red
blood cells, leading to icterus. Furthermore, through disturbances in
the glycogenic function of the liver, sugar may accumulate in the blood.

These examples of the bearing of functional disturbances and struc-
tural lesions of individual organs upon each other,and upon the welfare
of the body as a whole, must suffice, since the scope of this book does
not permit us to enter upon this wide field of pathological physiology,
for the adequate consideration of which we must refer to systematic
treatises on the practice of medicine.

Race.—Examples of racial disposition to disease are not uncommon.
Thus African negroes are less susceptible than are the whites to malaria.
On the other hand, in this country the negro is especially vulnerable
to tuberculosis.

Age is an important factor in the liability to discase, though the
reason for this is in very few instances at all clear. In childhood, for
example, diseases of the digestive system are readily induced by un-
suitable food. In advanced life, the vascular system is a vulnerable
part of the body. This apparent predisposition of age may, however,
be referred to the wearing out of the vascular mechanism.

Sex appears to be a definite factor in disease disposition, for such
maladies as diabetes, gout, gencral paralysis, tabes, etc., are more
common in males than in females. But here, as in the age factor, many
obvious external conditions, such as occupation, food, excesses in food
and drink, syphilis, etc., may be invoked as clements of determining
importance but not inherent in the condition of sex. The conditions
incident to child-bearing, however, favor the occurrence of many more
or less serious abnormalities of structure and function peculiar to the
female.

Heredity.—The relations of heredity to disease are extremely com-
plex and subtle, and our knowledge of the subject is still too meagre to
permit of a profitable exposition within the limits which this book im-
poses. In certain infectious discases, syphilis for example, the in-
fective agent may be transmitted from the parents to the offspring.
This, however, is not the conveyance of physiological or structural
peculiarities, but only of an external disease excitant.

For the sake of clearness of thought and correctness of observation it
is well for the student and physician to remember that those features and
capacities of the organism which are inherited, are those and those alone
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derived from the maternal and paternal germ plasm, or through the reac-
tion of these upon each other. The many and varied external influences
brought to bear upon the feetus during intrauterine life, may induce
marked departures from the normal, but these abnormalities are not in a
proper sense inherited. They are more correctly designated congenital.!

Susceptibility to disease may be inherited, to tuberculosis, for
example, though we are unable to define clearly either structural or
functional traits to which this vulnerability may be attributed.

There are numerous examples of hereditary anomalies or dispositions
to disease. We cannot consider them here in detail, but we may men-
tion as examples, heemophilia, color-blindness, myopia, neuroses of vari-
ous types, polyuria, obesity, gout, and diabetes.®

1 For an interesting and suggestive study of heredity, see Adami's *‘Principles of Pathology,”
Vol. i, 1908. See also Adami on Inheritance and Disease in Osler's “ Modern Medicine,” vol. i. 1906.

2 For fuller expomtlon of the subjects considered in this chapter consult Adami, ‘‘Principles of

Pathology vol. i. 1908. Thoma, ** Text-book of Pathology,” English Trans., 1896. Chantemesse and
‘“Les P Généraux,” 1901. Roger, '‘Introduction to the Study of Medicine,”




CHAPTER 11.
CHANGES IN THE CIRCULATION OF THE BLOOD.
General Conditions.

THE circulation of the blood in the body is maintained by a very
efficient and delicate mechanism capable of prompt and effective ad-
justment to changes in the local and general conditions under which
the body is placed.

The factors especially concerned in the maintenance of the normal
circulation and in its adaptability to new and unfavorable conditions
are the contractile heart with its valves, the elastic arteries, the innerva-
tion of the heart and vessels, gravitation, and the various phases of
pressure and suction upon the veins from external sources, direct mus-
cular action, respiratory movements, etc., which promote the passage of
the blood upon its rounds. Finally, the character of the blood itself may
have an important bearing upon the efficiency of the circulatory mechan-
ism. Alterations in any of these factors may involve disturbances of
the circulation. - ‘

We may glance briefly at some of these factors in the circulation, and
first at the heart itself. The energy sustaining the circulation is primarily
derived from the contractile heart, so that the condition of its muscle
and innervation are of the first significance. Should the heart muscle
be enfeebled, through lack of proper nutriment or innervation or by
degeneration of the muscle for example, the circulation suffers in manner
and degree, depending upon the part of the heart involved. Thus if
the muscle of the right ventricle is enfeebled, blood is not properly
drawn into the ventricle and is not sent with sufficient force into the
lungs. The venous system then becomes overfilled with blood. If the
muscle of the left ventricle be enfeebled, too little blood is sent into the
arterial system and the pulmonary vessels are not properly emptied.

Changes in the valvular openings of the heart or in the valves them-
selves lead to disturbances of the circulation. Thus if the openings are
narrowed, too little blood passes them; or if the valves fail to close
properly, some of the blood flows backward through them. In this
way both the pulmonary and the systemic veins become overfilled.

The circulation may also suffer through alterations in the walls of
the blood-vessels. The elasticity and contractility of the arterial walls
are important factors in the maintenance of a normal circulation, since
they sustain and reinforce the heart pressure in the blood and convert
the pulsating movement imparted by that organ into a continuous,
uniform flow through the capillaries and veins. If the arterial walls
become stiffened and less elastic, or if their lumen becomes narrowed,

15
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more work is thrown upon the heart muscle. Thus the peripheral cir-
culation is impaired unless, in a manner which we shall presently con-
sider, the power of the heart muscle is increased by hypertrophy. Ob-
struction of the veins may induce similar disturbances in the heart and an
impaired local or general circulation.

The circulation of the blood being controlled by the nervous system
through the distribution of nerves to both the heart and the vessels,
alterations in the central nervous system affecting the vagus or the
sympatheticus, or severe traumatic injuries to the body involving re-
flex disturbances, may induce serious local or general interference with
the circulation of the blood.

The respiratory movements of expiration and inspiration favor the
circulation of the blood, so that interference with these may be of con-
siderable importance. Thus pleuritic effusions, severe spasms of cough-
ing, etc., may induce changes in the pulmonary circulation and the
right heart as well as in the systemic circulation.

The movements of the muscles of the trunk and extremities acting
together with the valves of the veins contribute to the forces carrying
the blood forward in circulation. Severe spasm of the muscle, as in
epilepsy, tetanus, strychnine poisoning, etc., may induce stagnation of
the blood in the veins of the trunk and the viscera so that it does not
return properly to the heart.

These are some of the more important of the changes which the
general cireulation suffers in conditions which interfere with the cir-
culatory mechanism.

The means by which the heart and the blood-vessels adapt themselves
to various disturbing conditions through compensatory dlterations will be
considered in the chapters in ““Special Pathology” dealing with these
organs.

We shall now consider in more detail the local effects of a disturbed
circulation.

Hyperzemia and Anemia.

Within physiological limits the amount of blood in a part may vary
considerably under vasomotor control according to the functional necessi-
ties of the part or vascular territory. Under a great variety of abnormal
conditions the blood content suffers changes so excessive and so lasting as
to be pathological. It is the latter alone which we are to consider here.

A part of the body may contain an excess of blood, a condition called
hyperemia (congestion). This is distinguished from plethora, which signi-
fics a general excess of blood in the body. On the other hand, there may
be too little blood in a part of the body, a condition which is called
anamia.

. HYPERZEMIA.
Hyperemia may occur either through increased arterial supply,

active hyperamia (acute congestion), or through some hinderance to the
venous outflow of the part, passive hyperamia (venous congestion).
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Active Hypergmia.—This may occur through dilatation of the
arteries by the action of various physical and chemical agents directly
upon their muscular coats, or through the vasomotor nerves, or from
the reduction of pressure upon the vessels from without.

Thus, injuries or stimulation of the vasomotor nerves, heat, the
sudden evacuation of large exudates, trauma, and the action on the
vessels of a great variety of chemical irritants may lead to a dilatation

F1G. 2.—HYPERZEMIA OF THE BLOOD-VESSELS NEAR A BRONCHUs.
In chronie bronchitis.

of the vessels, and, as friction is diminished with the dilatation of the
lumen, to a more rapid flow of the blood.

Under these conditions the affected region becomes redder, warmer,
and may be more or less swollen, and under certain conditions the
arterial characters of the blood and pulsation of the vessels may be
extended into the venous trunks.

Passive Hyperzemia (venous congestion).—In passive hyperemia
due to obstruction to the outflow of blood from a part, there is an over-
filling of the veins and capillaries (Fig. 2). The hinderance to the

2
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outflow of blood may be due to compression of the vessels from without,
as from tumor, aneurism, ligature, displacement, or from new interstitial
tissues in various organs. It is frequently the result of thrombosis.

One of the most fruitful determining causes of passive hyperemia is
the lesions of the heart which interfere with the regular entrance and
exit of the blood from that organ. Thus, in incompetence or stenosis
of the mitral valve the pulmonary vessels become congested; the right
ventricle does not properly empty itself. So the systemic veins in vary-
ing degrees suffer engorgement, and the viscera become involved in the
secondary alterations due to chronic hyperemia.

The effect of venous obstruction varies greatly, depending upon its
degree, the rapidity of its occurrence, and upon the structure and
functional importance of the part involved. If, as in most instances
is the case, venous anastomoses exist between the partially or wholly

.

F1G6. 3.—DIAGRAM ILLUSTRATING THE ESTABLISHMENT OF COLLATERAL CIRCULATION IN OBSTRUC-
TION OF A VEIN—AFTER RIBBERT.

The veins a and b at 4 are connected by a slender trunk, ¢. If a in B is occluded, as by a throm-
bus, 'the blood cannot all pass out of the territory drained by a, so that the vessels here are dilated—
congestion. If, however, the small anastomosing trunk widens as at C, the congestion is relieved by
the conveyance away of the blood through the vein b.

occluded and other vessels, these may enlarge, and with the establish-
ment of this collateral circulation a more or less complete adaptation
to the changed conditions is secured (see Fig. 3). The collateral veins
and even capillaries in the involved region widen and their walls thicken;
and thus while for a time hyper@mia of varying intensity may exist, this
gradually resolves.

The possibilities of adaptation to venous obstruction are sometimes
very great even when large trunks are concerned. Thus, a ligature of
the femoral vein or a blocking of the inferior or superior vena cava may
be compensated by the establishment of abundant collateral channels.
On the other hand, after the blocking of the renal or splenic or of a main
trunk of the portal vein, the circulation is re-established with difficulty.

If a collateral circulation be not at once and readily established,
and often even if this be the case, local venous obstruction leads to
certain well-defined changes in the hyperemic region.  If the obstruction
be partial, the flow of blood is slower than normal; the vessels are dilated;
more or less fluid may transude into the surrounding tissues; and dia-
pedesis (sec page 86) of the red blood cells may occur. On the other
hand, if the obstruction be complete in a large venous trunk, the capil-
laries and veins in the involved region dilate; the axial stream of ery-




CHANGES IN THE CIRCULATION OF THE BLOOD 19

throcytes in the veins disappears; the entire lumen is crowded with
them; the blood pressure rises; the current wavers, slows, and stops.
Then the red cells become packed into a homogeneous mass in the dilated
vessel—this is stasis. Diapedesis and transudation now occur in the
capillaries and veins of the involved region. Finally, if the circulation
be not re-established, hemorrhagic infarction (see page 29) or death
of the tissue—necrosis—may follow.

If the venous obstruction be removed, as may be done in the tongue
or mesentery of the experimental frog (see page 111), one may observe
under the microscope the disappearance of the stasis and the re-establish-
ment of the circulation. The homogeneous blood mass resolves itself
into its component corpuscles; the blood moves at first fitfully and
irregularly, then the current is established; the distention diminishes,
and, after a longer or shorter time, the part, if the lesion has not been
too extreme, assumes its normal appearance.

In passive hyperemia the tissue involved is more or less dark red in
color—cyanotic—owing to the accumulation in the vessels of unaérated
blood; the temperature may be lowered when the area concerned is
extensive; it may also be swollen in part from the distention of the
vessels, in part from the extravasation of fluid; finally, there may be
pulsation and increased pressure in the veins.

If the hyperemic condition be long continued—chronic congestion—
the walls of the involved vessels may become thickened; there may be
interstitial fibrous hyperplasia in the affected region; or there may be
varying degrees of cell degeneration or of atrophy. Thus function may
be interfered with or suspended.

In many instances of diminished heart power or when for any reason
the blood circulates with difficulty under favorable conditions, the effect
of gravity may manifest itself in dependent portions of the body or of
the organs, so that these become hyperemic. This condition is called
hypostatic congestion. The most marked example of this condition is in
the lungs of debilitated persons, the dependent portions of which fre-
quently become engorged with blood. This is often associated with
cedema, atelectasis, and more or less cellular exudate in the air spaces.

ANZEMIA.

The word an@mia is used not only to denote the lack of blood in a
part, but also to indicate a reduction or alteration in various constituents
of the blood itself, a condition familiarly called “poverty” of the blood.
General anemia due to impoverishment of the blood will be considered
in the chapter on the Special Pathology of the Blood and the Blood-
forming Organs. We are here concerned only with local anemia—
ischemia.

Local anzmia may be due to the cutting off of the blood supply by
the occlusion of the arteries in thrombosis and embolism; by ligatures;
by the narrowing of the lumen through pathological processes in the
wall of the vessel; by tumors, exudates, etc.; by contraction of the
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vessels from nerve lesions as in Raynaud’s disease; by the action upon the
vessel of physical agents—cold—or by chemical substances or drugs
which induce marked constriction—suprarenal extract and ergot. Fur-
thermore, mechanical pressure upon the vessel from without or compres-
sion of an entire organ or part may induce various grades of anemia.

The affected part or organ in anzmia becomes paler than normal,
often with a yellowish tinge; the temperature is lowered; and the vol-
ume may be diminished; finally, if the absence of blood persist, the
function and nutrition of the involved part suffer, and atrophy, fatty
degeneration and death of tissue may occur.

If, however, the an®mia be only partial or if it be of short duration,
in some organs the nutrition may not suffer in marked degree; in others,
however, the brain, for example, extreme damage may follow even a
temporary anzmia.

The degree, duration, and results of local an®emia are largely dependent
upon the cause of the shutting off of the blood supply, and the possi-
bility of its restoration directly or through the establishment of a collat-
eral circulation. Thus, for example, anemia from compression or
from an arterial ligature may at once resolve if the determining cause be
removed. But even though an artery remain blocked, circulation may
be in a measure restored by the dilatation of anastomosing capillaries or
by the backflow of venous blood into the region deprived of its vascular
pressure from the closed arteries. While a certain amount of fresh
blood may reach the affected region in these ways, it is only when anas-
tomoses exist between the branches of the closed and neighboring arterial
trunks that a fairly complete collateral circulation can be established.
For a further consideration of this subject see Embolism, p. 28.

" Heemorrhage and Transudation.
HZEMORRHAGE.

Hemorrhage is an escape of blood from the heart or vessels. It
may occur from a rupture of the walls of the vessels, and is then called
hzemorrhage by rhexis. The rupture may be occasioned by injury,by
lesion of the walls of the vessels which renders them too weak to resist
the blood pressure from within, or it may occur from the blood pressure
in the thin and incompletely developed walls of new-formed vessels as in
granulation tissue, tumors, etc. The arrest of hemorrhage may take
place through the contraction of the wall of the vessel or by the forma-
tion of a clot.

Under other conditions, without recognizable changes in the vessels,
all the clements of the blood may become extravasated by passing, with-
out rupture, through their walls, This is called h@morrhage by diape-
desis.  Such h@morrhages are usually small, but may be very extensive.
They occur in the smaller veins and capillaries, the cells and fluids of the
blood passing out through the cement substance between the endothelial
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cells. Although no marked morphological changes have as yet been
detected which explain this extravasation, it is probable that some
change in the nutrition of the walls does occur which renders them more
permeable. Hzemorrhage by diapedesis is apt to occur as a result of
venous congestion, or when the flow of blood in the smaller vessels has
been suspended for some time; or it may result from the action of some
poison, or from an injury not leading to rupture; or it may occur in incom-
pletely developed blood-vessels, in tumors and other new-formed tissues.

In the extravasation of blood by diapedesis the white blood cells may
pass through the walls of the vessels, partly at least in virtue of their
amceeboid movements; the red cells, on the other hand, having no power
of spontaneous movement, are, according to Arnold, carried passively
through the walls by minute currents of fluid which, under the changed
condition, stream in increased force and volume through the endothelial
cement substance into the tissue spaces outside.

The altered condition of the blood-vessels leading to hemorrhage may
be local or general, and in the latter case it may either be congenital, as
in some cases of the hemorrhagic diathesis, or it may be the result of
a general discase, such as scurvy, purpura, etc. The presence of bacteria
in the vessels, or of bacterial or other poisons in the blood, as in malig-
nant endocarditis and in heemophilia neonatorum, may induce changes in
the walls of the vessels, leading to extravasation.

Forms of Hemorrhage.— Very small heemorrhages are called petechie;
larger, diffuse accumulations of blood in the interstices of the tissues
arc commonly called ecchymoses or suggillations. A complete infiltra-
tion of a circumscribed portion of tissue with blood is called a hemor-
rhagic infarction. A collection of blood in a tumor-like mass is called a
h@matoma. Special names are given to hemorrhage in different parts of
the body; thus, bleeding in the lungs is called hemoptysis; vomiting
blood from the stomach, h@matemesis; noscbleed, epistaxis; hemorrhage
from the uterus, metrorrhagia; certain forms of brain hzmorrhage,
apoplexy. In the so-called hematuria the blood may be derived from
either the kidney or the bladder. Sometimes the elements of the tissuc
into which the blood escapes are simply crowded apart; sometimes, as
in the brain, they are broken down.

The extravasated blood in the tissues usually soon coagulates, al-
though cxceptionally it remains fluid for a long time. A certain num-
ber of the white blood cells may wander into adjacent lymph-vessels, or
they may remain entangled with the red cells in the meshes of the fibrin.
The fluid is usually soon absorbed; the fibrin and a portion of the white
blood cells disintegrate and are absorbed (see page 59). The red blood
cells soon give up their hemoglobin, which decomposes and may be
carried away or be deposited either in cells or in the intercellular sub-
stance at or near the seat of the hemorrhage, either in the form of yellow
or brown granules or as crystals of hematoidin (see page 53). Some-
times all trace of extravasations of blood in the tissues disappears, but
frequently their seat is indicated for a long time by a greater or less
amount of pigment or by new-formed connective tissue. Occasionally
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the blood mass, in a more or less degenerated condition, becomes en-
capsulated by connective tissue, forming a cyst.

The action of phagocytes (see page 98) in the disposal of dead ma-
terial is here, as it is under a great variety of conditions, an impor-
tant factor in the restoration of the body, after lesion, to its normal
conditions.

HXEMORRHAGES IN THE NEW-BORN.

Hemorrhages, sometimes extensive, in various parts of the body—
gastro-intestinal canal, mouth, nose, navel, or the viscera—are not infre-
quent in the first few days of life. Aside from the oceasional discovery
of ulcers in the gastro-intestinal walls, the reason for these hemorrhages
is not evident at autopsy. This condition has been called morbus macu-
losus neonatorum. Hemorrhages from the skin, mucous membranes,
or navel may take place in the syphilitic new-born. Hzemoglobinuria
may occur in epidemic form in young children.

HEemorHILIA (Hemorrhagic Diathesis).

This abnormal condition consists in a liability to persistent hemor-
rhage on the slightest provocation, and is dependent upon some consti-
tutional peculiarity which is unknown to us. It is usually hereditary.
An uncommon thinness of the intima of the arteries has been noticed in
some cases of “Dbleeders,” and other changes have been described; but
there are no constant lesions associated with the h@morrhages, as yet
discovered, which would satisfactorily account for their occurrence.
The hemorrhages may be traumatic in origin, or they may occur spon-
taneously from the mucous membranes.

TRANSUDATION.

Transudation is the passage, through the walls of the blood-vessels
into the interstitial spaces outside, of fluid from the blood, with little or
no admixture of its cellular elements. This occurs constantly, to a cer-
tain extent, under normal conditions, and forms the commencement of
the lymph circulation. But when the amount of fluid passing through
the walls of the blood-vessels is increased, or its outflow into the larger
lymph trunks is hindered so that it accumulates in undue quantity in
the interstices and lymph channels of the tissues, the condition is
pathological.?

An accumulation of transudated fluid in the interstices of the tissues
is called @dema; in the serous cavities, dropsy. Extensive cedematous
infiltration of the subcutaneous tissue is called anasarca. If the trans-
udate accumulates in the pleural cavity the condition is called hydro-
thoraz; in the pericardium, hydropericardium; in the ventricles of the
brain, hydrocephalus. In similar fashion various other namecs are in

1For a study of lymph formation see Hamburger, Ziegler's ‘* Beitriige zur path. Anat.,”” Bd. 14,

p. 443, 1893; for cedema see Meltzer, Harrington Lectures, Univ. of Buffalo, 1904; American Medicine,
July 2, 1904; also Pearce, Arch. Int. Med. iii, 422, 1909.
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common use for the accumulation of transudates in the body cavities;
as hydroperitoneum (ascites), hydrarthrosis, hydrocele, ete.

Its occurrence may depend upon some hinderance to the venous circu-
lation or increase of capillary pressure, especially when associated with
alterations in the walls of the blood-vessels, or upon changes in osmotic
pressure induced by a reduction in the nutrient efficiency of the blood,
by injuries, or in other ways which may affect the processes of filtration
and osmosis, by which chiefly, it is believed, the normal transudation of
fluids occurs. There is, furthermore, strong and increasing evidence that
the endothelial cells of the capillaries possess active secretory or other
functional capacities which should be taken account of in the attempt to
comprehend transudation as well as many other pathological phenomena
and lesions. A simple interference with the outflow of lymph does not
usually alone suffice to induce transudation, although it may favor its
occurrence. (Edema may depend upon little understood abnormalities
of the nervous system, as in the so-called neuropathic cedemas.

The transuded fluid, called transudate, is usually transparent and
colorless or yellowish; it contains the same salts as the blood plasma,
but less albumin. It may contain fat, mucin, urea, biliary acids, color-
ing-matter of the bile; fibrinogen is usually present in variable quantity,
and, rarely, fibrin. It may contain endothelial cells from the lymph
spaces, and a variable number of red and white blood cells. The amount
of fluid which may accumulate in the tissue varies greatly, depending
upon whether they are loose or dense in texture. The fibres and cells of
loose tissues may be crowded widely apart; the cells are apt to be more
granular than normal, they may contain droplets of fluid or they may be
atrophied. Transudates occurring in inflammation usually contain a con-
siderable number of white blood cells and more or less fibrin, and differ
in this from the non-inflammatory transudations; but in some cases there
is no sharp distinction between them. The inflammatory transudates
are often called exudations or exudates.

Resorption and Absorption.

Under many conditions, both normal and abnormal, fluids and solid
particles are taken into the recesses of the tissues from without, or are
gathered from one place in the tissues to be carried in the blood or
lymph currents or by cells to other parts or to places of excretion. Thus
from the intestinal contents both liquid substances and small solid
particles, such as fat droplets, bacteria, etc., may be taken into the body
fluids. In exudative inflammations, such as pleurisy or pneumonia,
large quantities of fibrin, red and white blood cells, and fluids may
accumulate in the cavities, to be presently removed. So also dead
tissue, blood clots, etc., and foreign bodies may be removed through
various processes of resorption.

The absorption of fluid substances or the resorption of those which
are rendered soluble takes place through the lymph channels, as we
have seen, whence they may be eliminated through the excretory organs.
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Solid material, such as fibrin, dead cells, etc., may be removed either
through the action of fluids which render them soluble, lytic fluids
(see p. 106), or they may be removed through the intervention of living
cells, phagocytes (sce p. 98). These processes will be considered in
detail in a later section of this book.

Thrombosis and Embolism.

THROMBOSIS.

Thrombosis is the coagulation of the blood or the agglomeration or
agglutination of the formed elements of the blood into a more or less
coherent mass during life. The coagulum or mass is called a thrombus
(Fig. 4).

Thrombi may be composed of fibrin and of red and white blood cells
mtermlngled in about the same proportion as in an ordinary extravascular

blood clot (Fig. 5). These are called red
thrombt and usually occur from some sudden
stoppage of the circulation. Other thrombi,
usually such as form while the blood is in
motion, may consist almost entirely of white
blood cells with a little fibrin, or of these in-
termingled with blood platelets; or they may
consist almost entirely of blood platelets; all
of these forms are called white thrombi. Red
thrombi, when decolorized by changes in the
blood pigment, may somewhat resemble
genuine white thrombi. Mized thrombi are
usually lamellated (Fig. 6) and contain vary-
ing proportions of fibrin, red and white blood
cells, and platelets. The fibrin fibrils in
thrombi, as elsewhere, often coalesce, forming
hyaline masses. A similar change may take
place in the blood platelets. Thrombi may
consist almost wholly of red blood cells.
Causes of Thrombosis.—Thrombi may
occur as the result of an injury to the wall of
a vessel, or may follow its compression or
dilatation; they may result from some altera-
tion of the wall of the vessel by disease, or by
the retardation of the circulation. So long
Fre. 4 Ooeneoma Tanosaen the endothelial lining of the vessels is
T or e Toaae Y intact, simple retardation of the circulation
The vessel is lnid open, showinz  (ges not usually alone suffice to induce coagu-
the lamellated clot. . . f .
lation; but changes in the endothelium in a
great variety of conditions,such as inflammation, degeneration, atheroma,
calcification, and the presence of bacteria or thmr toxins, tumorb and
foreign hodlm favor its occurrence, especially when aﬂbocmted with
changes in tho circulation or in the character and contents of the blood.
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Thrombi may develop from an embolus. Thrombosis is a not infrequent
complication of the infectious diseases as well as of the cachetic conditions
associated with various acute and chronic general diseases.

One may conveniently class the various detcrmining causes of
thrombosis into: 1, those associated with a slowing of the blood current;
2, those relating to changes in the walls of the blood channels; and 3, those
involving such alterations in the blood itself as favor coagulation. These
factors are frequently associated.

1. Disturbances of the circulation
favoring thrombosis are frequently de-
pendent upon enfeebled heart action, and
thrombi may then form in the auricles
behind the valves or among the trabecule
of the heart (Fig. 296), behind the valves
of the veins, in the veins of the lower ex-
tremities, in the great venous sinuses of
the brain, or wherever by reason of ab-
normal conditions the regular flow of the
blood is interfered with—as in aneurisms,
varices, etc. Such thrombi are sometimes
called stagnation thrombi. When forming
under marked asthenic conditions they
are called marantic thrombi. In this class Fio. 5—Portion or Rep TuroMBUS.
belong thrombi induced by pressure or This shows red blood cells, fibrin, and

. a few leucocytes.
ligature of the vessels.

2. Thrombi associated with alterations in the walls of the blood-
vessels may follow mechanical injuries to the vessels and may be con-
servative in the control of heemorrhage. The action of various forms of
pathogenic bacteria within or in the vicinity of blood-vessels inducing
lesions of the walls is a fruitful determining factor in thrombosis. This
is common in acute endocarditis, in septiczemia, in various forms of phle-
bitis, and in tuberculosis. In chronic lesions of the walls of the heart
and blood-vessels, associated with degeneration and necrosis (atheroma,
calcification, etc), thrombi may form. The growth of tumors into the
blood channels affords favorable conditions for the development of
thrombi.

3. The alterations of the blood itself favoring thrombosis are obscure.
Such are the impoverishment of the blood in anzmia, the presence of
bacterial toxins or of the bacteria themselves in various infectious
diseases.! Many of the so-called marantic thrombi are probably due to
the presence of bacteria or of their toxins in the blood or in the walls
of the vessels. Some cases of “white swelling”’ following parturition are
probably of this nature.

Among the less frequent alterations of the blood favoring thrombosis
may be mentioned the presence of hemolytic substances, as in the

1 For a study of the role of micro-organisms in the formation of venous thrombi see Jakowski,
Chl. f. Bak., Abth. I., Bd. 28, p. 801, 1900, bibl. Consult also Welch on infective thrombi, Allbutt’s
‘‘System of Medicine,” vol. vi., p. 169.
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transfusion of alien blood and the artificial introduction of certain
animal and vegetable extracts.

Forms of Thrombi.—Various forms of thrombi, aside from those
already described, have received special names. Thus thrombi are
called primary or propagated, depending upon whether they are con-
fined to the original site of formation or extend for some distance from
the point of origin. Somctimes such extension is marked by variations
in the color, density, and structure of the extending thrombus. A
secondary thrombus is one formed upon an embolus or a pre-existent

F16. 6.—LAMELLATED THROMBUS.

This is an occluding thrombus. At the right and also above are masses of red blood cells, while the
remainder i8 largely fibrin in layers, indicating successive deposits.

thrombus. A thrombus may be obstructing or partetal; solid or canal-
1zed; simple or infective; it may be arterial or venous—all names whose
significance is obvious.

Agglutinative Thrombi.'—The recent studies on agglutination and
hemolysis (sec p. 171) have led to the belief that certain thrombi occur-
ring in infectious discases, as well as under other conditions, may arise
from the development of agglutinative substances in the blood. Under
the action of these substances the red blood cells may, without the
formation of fibrin, clump together, leading to thrombosis. Such
thrombi are called agglutinative thrombi. They have been observed
repeatedly in typhoid fever and other infections. In such masses of
agglutinated red blood cells the individual corpuscles may not be seen,

1 Consult Flerxner, ‘‘On Thrombi Composed of Agglutinated Red Blood Corpuscles,” Journal

of Medical Research, vol. viii., p. 316; also, Pearce, tbid., vol. xii., p. 329; also, Pearce and Winne,
Am. Jour. Med Sciences, vol. exxviii. p. 669, 1904, bibl.
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the whole presenting a hyaline mass. Thus may be formed a variety of
the so-called hyaline thrombi. Welch! has suggested the probability
that under similar conditions leucocytes also may form agglitinative
thrombi.

Hyaline Thrombi.—Under a variety of conditions, but especially in .
local and general infections and in intoxications, there is present in the
capillaries and in the small arteries and veins a homogeneous, translu-
cent, nearly colorless material, partially or wholly blocking the vessels.
This hyaline material, whose origin is still in doubt, has in some in-
stances a staining reaction similar to fibrin. In other cases hyaline
thrombi are probably special forms of agglutinative thrombi (sce above).

Alterations in Thrombi.—After a certain amount of shrinkage by
which the fluids are squeezed out and the thrombus becomes denser
and drier, the changes which occur in it may be either in the direction
of degeneration and absorption or of organization. The leucocytes, the
fibrin, and the blood plates may degenerate, forming a granular material
which may become infiltrated with salts of lime, forming the so-called
phieboliths, or vein stones. In other cases the thrombi may soften and
disintegrate. This softening may be simple and the result of fatty or
other form of tissue degeneration, resulting in a white or reddish or
brown grumous mass, which may resemble, but is not, pus. Or, in many
instances, softening probably occurs through the autolytic processes
(see p. 106), initiated and sustained largely by leucocytes. On the
other hand, softening of the thrombus may be associated with bacteria
or other infectious material with general suppuration. In this “puru-
lent”” or “septic’’ softening of the thrombus the risk is great of a dis-
tribution of the infectious material through the circulation. Finally,
the thrombus may be replaced by a new formation of vascular con-
nective tissue, itself disappearing by autolysis or phagocytosis as the
new tissue is formed. This is called “organization of the thrombus,”
but in reality the new connective tissue is produced, not from the cells
of the thrombus itself, but from the cells of the walls of the affected
trunk, from whose vessels the new blood-vessels of the thrombus also
arisc (compare page 75). In this way the vessel may be completely
and permanently occluded, or, more rarely, one or several channels may
be established through the new connective-tissue mass (Fig. 7).

Effects of Thrombosis.—The consequences of thrombosis vary
greatly, depending upon the seat, size, and nature of the thrombus.
They are of two classes: 1, those depending upon the direct disturbance
of circulation from the occlusion of the lumen of the vessel; and, 2,
those determined by the detachment of the thrombus or the separation of
a part of it, and the distribution of these through the circulatory channels
to various parts of the body.

1. The occlusion of either arteries or veins may be compensated by
the establishment of collateral circulation. The partial or total occlu-
sion of an artery by a thrombus may lead to local an®mia, degenera-
tion, necrosis, or infarction (see page 29). The obstruction of a vein

1 Welch, Huxley Lecture, Medical News, October 18th, 1902, p. 731.
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may lead to venous congestion and cedema, and to various alterations
alrcady considered under the heading of Hyper®mia.

For a further consideration of thrombosis of the heart and scparate
vessels sec sections dealing with these organs in Special Patholozy.

2. Whole thrombi or portions of these may be detached and carried
forward by the blood current, or, as the result of softening and disinte-

F16. 7.—ORGANIzED THROMBuUS.

This shows the vascular connective tissue which has replaced the clot, with five new channels through
which the circulation is re-established.

gration, detritus, bacteria, etc., may be set frce by unusual move-
ment, by pressure, or without obvious special force.

The performances and effects of such detached portions of thrombi
will be considered in the next section, under embolism.!

THROMBOSIS OF LYMPH-VESSELS.

Thrombosis of the lymph-vessels is of occasional occurrence. The
thrombus consists of fibrin and leucocytes. It may present forms and
induce changes in the lymph channels analogous with the forms and
effects of thrombi in the blood-vessels.

EMBOLISM.

Embolism is the obstruction of a blood-vessel by the arrest in its
lumen of some material carried along in the circulating blood. The
mass causing the stoppage is called an embolus (Fig. 8). This may
be composed of a great variety of substances.  The most common emboli
are detached portions of thrombi, especially from the heart valves, and

1 For a thorough and admirable consideration of the subject of thrombosis and embolism, with
bibliography, consult Welch, Allbutt’s ** System of Medicine,”” vol. vi., pp. 155 et seq.
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these may have all the variety of structure which thrombi present.
Masses of bacteria or other animal or vegetable parasites, fragments of the
heart valves and of tumors, droplets of fat from the medulla of fractured
bones (Fig. 9), parenchyma cells,' masses of pigment, bubbles of air, ete.,
may form emboli. Embolism is, in a majority of cases, confined to the
arteries and to the branches of the portal vein. Emboli after lodgment
sometimes give rise to thrombosis, which may be very extensive.

Effects of Embolism —Infarction.—The
changes which follow the more or less sudden
and complete cutting off of the arterial blood
from a part of the body by the lodgment of an
embolus are so variable, depending upon the
part of the body affected, the character of its
vascular arrangement, and the possibilities of
a collateral blood supply, that a concise com-
prehensive description is difficult.

When the arterial blood current is cut off
from the affected arca, this does not at once
become bloodless, because its vessels still con-
tain the residual blood and a certain amount
may enter at least the periphery through ad-
jacent capillaries and small veins. Then if the
involved region be not too large and the
plugged vessels have sufficient anastomoses, ~
the establishment of a collateral circulation ~ Fio.8.—A~ EmsoLus Lobcen

. AT THE PoINT OF DivisioN oF
may after a time be effected. On the other ix Arrery.
hand, if the plugged artery does not possess This is a portion of clot which
. . V. has been detached from a point
anastomosing trunks or is inadequately SUp- above and swept along the blood
plied with these—that is, belongs to thosc furrent. ' It has increased in
R . . ength by coagulation at its free
vessels which are called terminal arteries—end  extremities.
arteries—the effects are more marked and last-
ing. There is stasis in the vessels; diapedesis of the red blood cells
may occur; and while a small amount of blood may enter the periphery
of the involved region through the capillaries and veins so that the
vessels here may be markedly congested, the tissues are not sufficiently
nourished and they suffer varying degrees of degeneration; they may die
and the whole central region become necrotic. This gradually developing
process is called infurction, and the portion of involved tissue is called
an tnfarct (Fig. 10). The area of infarction corresponding to the region
supplied by the occluded vessel is usually more or less wedge-shaped.

Infarcts in which the vessels are distended with blood, with interstitial
hemorrhage by diapedesis and more or less necrosis of the involved area,
are called hemorrhagic infarcts (Fig. 11).

1 The presence of liver-cell emboli in the lung capillaries and in the heart clots after traumatic
rupture of the liver, and in infectious diseases involving local necroses of the liver, has been described
by various observers. Emboli believed to be composed largely of placental cells or of cells from the
bone marrow are also described under various conditions. The facts relating to this subject of paren-
chyma-cell emboli and its alleged significance may be found summarized by Lubarsch, Fortschritte der
Medizin, Bd. xi., pp. 805 and 845, 1893: and by Aschoff, Virchow's Archiv, Bd. exxxiv., p. 11, 1893.
Consult also Warthin, The Medical News, September 15th, 1900, bibl.
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After a time the infarct becomes decolorized by diffusion of the dis-
solved hemoglobin, ‘inflammatory changes occur in its periphery, the
blood cells and involved tissues may undergo degeneration and be

absorbed,! and finally the seat of the
== infarction may be indicated only by a
. {l mass of cicatricial tissue, which fre-
)} quently contains more or less pigment.
' In another class of cases, instead of
- s an excessive distention of the vessels and
an extravasation of blood in the affected
region the tissue is simply deprived of
nourishment and undergoes necrosis.
The affected area then sooner or later
Fig. 9.—Far Eusout Iv THE Brooo-  hecomes lighter in color from the diffu-
VESSELS OF THE LUNG. . . - . .
This followed bone fracture. sion of the hemoglobin, and it is then
called an an@mic or white infarct (Fig. 12).
Inflammatory changes may oceur in its periphery and a new connective-
_ tissue capsule form around it, and the dead mass may thus persist for
some time, or be gradually absorbed and replaced by cicatricial tissue.
In certain instances it is believed that infarcts may be anemic from the
beginning and not, as is apparently usually the case,
as the result of changes in infarcts which are at first of
the hemorrhagic type.

Fhe scope of this book does not permit us to con-
sider the somewhat complicated and often obscure rea-
sons why in one case there is hemorrhagic, in another
white, infarction, as a result of embolus.

If the embolic material consists of or contains infec-
tive substances, such as some forms of bacteria, in ad-
dition to the mechanical effects of simple emboli, we
may have gangrene, suppuration, formation of abscesses,
etc., as the result of the local action of the infectious
material, even though this may be present in very small
amount.

The Location of Infarcts.—The organs in which em-
bolie infarctions most frequently occur are the spleen,
kidney, brain, lungs; less frequently the heart, retina,
liver, and small intestines.

Hamorrhagic infarction is not liable to occur in the
liver from emboli in the branches of the portal vein, on
account of the blood supply which may come to the or ue Seieex.
affected region through the branches of the hepatic
artery. On the other hand, embolic abscesses from infectious emboli are
of not infrequent occurrence here.

The lung is supplied with blood through the pulmonary and the
bronchial arteries; and the capillary network of the pulmonary tissue

1 For a study of the autolytic processes in the absorption of infarcts see Wells, Jour. Med. Res.,
vol. xv., p. 149, 1906.
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is so abundant that emboli in the pulmonary artery, although this is a
terminal artery, do not readily lead to infarction in an otherwise healthy
lung. When, however, the pulmonary circulation is disturbed, as in
certain forms of heart disease, hemorrhagic infarction may follow em-
bolism of the pulmonary artery.

The arterics of the kidney and spleen are typical terminal arteries,
and infarcts of these organs readily follow embolism. In the kidney
the infarcts are most commonly anzmic; in the spleen both hzmor-
rhagic and anemic infarcts are formed. Infarction in the heart may
follow embolism, but is more commonly the result of thrombosis of
branches of the coronary artery. Embolism of the cerebral arteries is

FiG. 11.—Di1AGRAM ILLUSTRATING THE FORMATION OF A HAEMORRHAGIC INPARCT.

The artery, A, plugged by an embolus, E, is a terminal artery, but it has abundant capillary
anastomoses, so that the territory deprived of blood is not sufficiently nourished and its tissues die;
but from the abundant capillary anastomoses from the artery B, and from the vein C, a certain amount
of blood enters the infarct area, which thus becomes heemorrhagic.

" seldom followed by extensive local collateral hyperemia and hzmor-
rhage, but is more apt to lead to cerebral softening. Hemorrhagic
infarctions may occur exceptionally in regions not furnished with
terminal arteries, as in the small intestines. Infarction does not follow
embolism of single arterial trunks of the arms and legs because of the
ready establishment of a collateral circulation.

The Sources of Emboli.—It should be remembered that as a rule
emboli derived from a vein, and then most commonly detached from a
venous thrombus, pass to the right side of the heart and are thence
driven into the pulmonary artery, where, unless most minute, they are
retained, since they cannot pass the pulmonary capillaries. Emboli
in the left heart, the aorta, and the arterial system are derived from the
pulmonary vein, the left heart, the aorta or its branches (Fig. 13).
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Paradoxical Embolism.—While as a rule emboli follow the direction
of the blood current, one does sometimes find in the arterial system
emboli of considerable size without being able to locate their source in the
pulmonary vein, the left heart, or the aorta or its larger branches.
Futhermore, under these circumstances one may discover an obvious
source in the systemic veins. Since such emboli cannot pass the pulmon-
ary capillaries they must have passed from the venous to the arterial
system through an open foramen ovale into the left auricle, thence to be
driven into the arteries (Fig. 13). This is called paradozical embolism.
1t is of infrequent occurrence.’

Fi16. 12.—D1AGRAM ILLUSTRATING THE FORMATION OF AN AN:xzMIC INFARCT.

The artery A is a terminal artery with a few capillary anastomoses with the neighboring artery B,
8o that when the embolus, E, cuts off the blood from the territory supplied by it, the involved region
becomes anemic save in the periphernl zone of congestion. This is an anemic infarct.

Retrograde Embolism.—Sometimes an embolus moves in a direction
opposite to that of the blood current, so that one may find in a small
vein an embolus obviously derived from a larger vein or from the right
heart. It has been assumed in explanation of this occurrence that
under certain conditions in which the venous blood empties itself into
the right heart with difficulty, as in the case of tricuspid incompetence,
there might be an actual reversal of the venous current on which an
embolus could be conveyed. It does not, however, appear that such a
reflux of the venous blood is possible. Ribbert urges the view that
while a complete reversal of the current is improbable in a congested
vein, a pulsation wave may form with each heart-beat which could
gradually force the embolus toward the periphery along the vessel

1 For details of unusual forms of embolism consult bibliography in Ziegler's ** General Pathology,"”
Warthin's translation of 10th Ed., 1903.
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wall. This retrograde transportation of an embolus is of rare occurrence
in the large veins, especially in the inferior vena cava.

The retrograde transportation of particles of tumor may give rise to
very puzzling phases of metastasis.

F1G6. 13.—ScHEMATIC ILLUSTRATION OF EMBOLISM—AFTER RIBBERT.

The right lung, RL, and the left lung, LL, are connected with the heart through the pulmonary
artery, PA, PA. The liver, L, and the right and left kidneys, RK, LK, are seen below with the aorta
A and the vena cava, V'C. The right ventricle, RV, and the left ventricle, L1, the right auricle, RA
and the left auricle, LA, are exposed. From the thrombus T, a small portion, E. is detached and
carried upward in the venous current through the vena cava to the heart. It turns into the pulmonary
artery where it may lodge in the larger trunks in the lungs. Owing to its gize it eannot pass the eapi-
lary system of the lungs, and hence cannot enter the general circulation. If, however, as is not infre-
quently the case, an open foramen ovale exists, such an embolus could pass through the septum into
the left heart, whence it could be sent through the aorta to the viscern. as is shown by the outlined
embolus. A thrombus in the left heart, say on the mitral valve at M, if detached as is shown in the
globular mass following the dotted line, may be sent into the aorta and thence into any of the small
arterial trunks. In the diagram the embolus is lodged in the left kidney.

3
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Fat Embolism.—After fracture of the long bones, fat from the
marrow may find its way through opened veins into the right heart and
into the pulmonary capillaries (Fig. 9). It may be found also in the
capillaries of the kidneys. Fat embolism of the pulmonary capillaries
may be fatal, but in most cases does not appear to be of great signifi-
cance. Fat cmbolism of the lungs is recorded following extensive
fatty degeneration of the liver in phosphorus poisoning.?

Emboli of  Tumor Cells.—Clusters of tumor cclls of considerable
size may enter the vessels through erosion of their walls and may be
transported in the blood current as emboli (Fig. 248, p. 401). They may
lodge in the trunks of large vessels, portal vein, pulmonary artery, etc.,
and in addition to the usual effects of embolism they may grow, forming
metastatic tumors.

Air Embolism.—It rarely happens in surgical operations that a large
quantity of air enters an opened vein and is aspirated to the right side
of the heart. This may prove fatal. Air bubbles may be found mingled
with the blood in the right heart, in the large veins leading to the heart,
and in the pulmonary capillaries. It was formerly believed that this
was of not infrequent occurrence, and the presence of even small numbers
of air bubbles in the blood was regarded as of extreme significance.
The presence of air in the vessels is common in caisson disease (see p. 11).
In certain cases gas bubbles in the blood are due to infection with a gas-
forming bacterium, the Bacillus aérogenes capsulatus (see p. 289).7

Experimental Study of Disturbances of the Circulation.

One may observe many of the local disturbances of the circulation on the mesen-
tery of the curarized® frog. A loop of the intestine is drawn out through a lateral
abdominal incision and laid over the glass window of a Thoma frog-plate (sece Fig. 72).
The part should be kept moist or irrigated with one-half-per-cent. salt solution,
Under these conditions one may study various phases of hypere#mia and stasis.
heemorrhage by diapedesis and by slight injuries to the vessels, hemorrhage by rhexis
and the formation of local thrombi by which it is controlled. By pressure on the
vessels various disturbances of the circulation, thrombi, ete., can be secured.*

By drawing forward the tongue of the curarized frog, fastening it in extension on
the Thoma frog-plate designed for this purpose (Fig. 72), and ligating one of the large
lateral veins, one can induce interesting phases of passive hypereemia and transudation.

Embolism may be studied by the injection into the arteries of small particles—
tobacco seed in the dog, begonia seed in the rabbit, or poppy seed—suspended in
salt solution. These may be injected forcibly upward through the crural artery into
the aorta. Embolism of the abdominal viscera, kidney, spleen, etc., with infarction
may be thus induced.

1 For a study of fat embolism see Connell, Jour. Am. Med. Assn., vol. xliv., p. 612, 1905.

2 For a fuller consideration of the circulatory disturbances consult ‘** Les Processus Généraux,”
Chantemesse and Podwyssotsky, 1901.

3 The commercial curare is so variable in strength that it is best to make an aquecous solution of
about 1:1,000 strength and test the effect, using just enough to secure immobility, and no more, since
serious circulatory disturbances and death of the animal are readily induced with too liberal dosage.
The solution—at first a few drops—is put beneath the skin in the dorsal lymph sac. It is well to give
a preliminary dose a few hours before the use of the animal, bringing him partially under the influence
of the drug, and to complete the effect just before the experiment. Under these conditions the second
dose may be very small and thus untoward effects upon the circulation may be avoided.

4 See for a further description of the method of studying the circulation in the living frog, p. 111.



CHAPTER IIIL
REGRESSIVE TISSUE CHANGES.

General Considerations.

THERE are three phases of activity in the transformations of cnergy
which are characteristic of living cells. These are nutrition, reproduc-
tion, and functional activity. But while these manifestations of energy
are more or less distinct as properties of living matter, they are closely
interdependent. It is the suitable balance of these activities fixed by
prolonged environment which determines what we call health. When
this balance is disturbed beyond the limits of physiological variation, the
alterations which result may be manifest, either in the diminution or de-
struction of tissue or in its increase or new formation. In other words,
the cells of the body, when placed under conditions which seriously
interfere with the orderly transformations of energy, may undergo
alterations from the normal which are regressive on the one hand, or
progressive on the other.

We shall in this chapter consider the regressive processes and their
effects; in the next those which are progressive.

It is well to remember that the regressive as well as progressive
changes in the body are not limited to pathological conditions, but form
a part of the normal processes through which growth is secured and
function maintained.! .

The maintenance of the normal life and structure of the cell is closely
dependent upon the conditions under which it is placed. If there is
lack of sufficient or proper nutriment; if the waste products are not
properly eliminated; if deleterious chemical substances either coming
from without or formed by defective metabolism—poisons, toxins, ete.
—are present; or if harmful physical agencies such as heat, cold, pressure,
etc., are active; or, finally, if the innervation be defective, both the
function and the structure of the cell may suffer.

The functional changes of cells placed under unfavorable conditions
are very variable and often very subtle owing to their complex and often
little understood nature, and may be difficult of detection. These
functional changes may or may not be associated with structural altera-
tions which are.obvious on microscopical observation. Cells may become
larger than normal through increased functional activity, hypertrophy;
they may become smaller, atrophy, under a variety of conditions pres-
ently to be considered. Cells may swell through imbibition of fluid; they
may be altered in shape from pressure. Finally, they may suffer various

1For a résumé of the relationship between normal and pathological regressive processes see
Minot, Middleton Goldsmith Lecture on ‘‘The Embryological Basis of Pathology,” Science, March
29th., 1901.
35
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changes in internal structure. Various products of their metabolism
or of degeneration of their cytoplasm may accumulate within them, or
substances may enter from without—degeneration and infiltration.

These and other changes due to an unfavorable environment may
be recovered from if not too extensive. But, on the other hand, if the
damage be excessive the cell may die and suffer disintegration and
absorption. This death of the cell, with subscquent physical and
chemical changes, is called necrosis.

It frequently happens, however, that the vitality of the cell is not
at once extinguished, but that the processes of life and necrosis go on
for a time together, ending in either its recovery or its death. This
condition is called necrobiosis.

Not all the cells of the body are cqually sensitive to a deleterious
environment. It is those which are more highly differentiated for the
performance of special functions, or those which are more frequently
exposed to harmful influences, which most often suffer.

Atrophy.

Atrophy is a diminution in the sizc of the body, of organs, or of tissue
elements. It occurs as a physiological process in man as well as in cer-
tain of the lower animals. Thus in man the thymus and the umbilical
vessels undergo atrophy at an early period; while in old age, atrophy of
the sexual organs and of the tissues in general is the usual mark of senil-

O .

Fi1a. 14.—ATROPHY OF MUSCLE.

This is atrophy from disuse of the strinted muscle. Owing to the muscle pigment which has collected
in the atrophied fibres this is called ** pigment atrophy.”

ity.! On the other hand, as a pathological process, atrophy may occur
in conneetion with disturbances of innervation or nutrition; from disuse
or from pressure; or from the presence of poisons. Although it is con-
venicnt to name these as phases of atrophy, they are not fundamentally
distinct. In simple atrophy, under whatever conditions it may occur, the
tissue elements become smaller without marked alterations in structure,

1 For a study of the changes in the body in development and senility see the monograph of M shl-
mann, Wiesbaden, 1900, bibl.
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and may finally disappear altogether. In the majority of cases, how-
ever, atrophy of cells or other tissue elements is not simple, but is asso-
ciated with, and often determined by, various phases of degeneration—
degenerative atrophy. The cytoplasm of atrophic cells is often more
transparent than normal and may contain an undue proportion of
pigment. -

An organ which is the seat of even extensive atrophy of some of its

F16. 15.—ATROPHY AND DISTORTION OF THE LIVER FROM TIGHT LACING-—FEMALE.
The border of the organ is elongated and fibrous: the gall bladder is long and distorted.

cells is not necessarily diminished in size, but may even be much larger
than normal. This is the case, for example, in amyloid degenerations of
the liver. Somectimes the atrophy of parenchyma cells is accompanied
by a new formation of connective tissue so extensive as to maintain,
for a time at least, the size of the organ.

Atrophy may be general or local and it has various phases which we
shall briefly consider.
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General Atrophy from Malnutrition affecting the body at large may
occur as the result of deficient nutriment as in starvation, or a failure to
assimilate food, and in various acute and chronic diseases. Under these
conditions fatty and other forms of cell degeneration occur, with loss of
the general adipose and reduction in size of muscle and other body cells.

Senile Atrophy.—As the energies of life decline with the advance of
years, the tissue and organs may undergo gradual and progressive atro-
phy, but in varying degrees. The muscle cells of the heart are more
slender, and brown pigment may accumulate within them—brown
atrophy. The parenchyma cells of the liver, kidney, and generative

F1G. 16.—ATROPHY OF LIVER CEeLLS.
Pressure atrophy from amyloid dezeneration of the blood-vessels.

glands and the ganglion cells become smaller and may be more or less
pigmented. Similarly the bones suffer atrophic changes, becoming
more brittle, and the skin becomes wrinkled and dry. Senile atrophy
may be associated with significant sclerotic changes in the blood-vessels
and with atrophy of the lymph-nodes, spleen, and marrow.

Atrophy from Suspension of Functional Activity—Atrophy from
Disuse.—This is well exemplified in disused muscles or bones, as in vari-
ous forms of paralysis. Voluntary muscles under these circumstances
become more slender, lose their transverse striations, and become
fibrillar. Brown pigment derived from the disappearing muscle sub-
stance may gather in masses in the remaining fibres, and the nuclei of
the sarcolemma may be increased in number (Fig. 14). The fibres may
finally disappear and may be 1cplaccd by fat or fibrillar connective
tissue.

Pressure Atrophy.—This is seen under the ordinary conditions of
modern life as the result of ill-adapted articles of dress, such as corsets,
which frequently induce very marked atrophy with distortion of the
liver (Fig. 15). But within the body itself pressure from a more vigor-
ously growing tissue may induce atrophy of an adjacent part. Thus,
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tumors, cysts, accumulations of fluids in various cavities, aneurisms,
degeneration of blood-vessels (Fig. 16), ete., may lead to local atrophy.

Neurotic Atrophy.—While it is difficult to dissociate the direct tro-
phic influence of the nerves upon tissues from the accompanying loss of
function and interference with vascular supply, there appear to be
cases of atrophy from neurotrophic influences. Atrophy of one side of
the face in lesions of the trigeminus and in certain cercbral lesions,
wasting of the associated muscles in destruction of the anterior cornua
of the spinal cord, are examples.

Degeneration.

ALBUMINOUS DEGENERATION (Cloudy Swelling, Parenchymatous
Degeneration, Acute Degeneration, Granular Degeneration).

Under a variety of conditions in which there is a disturbance of cell
metabolism, but especially often in infectious discases and in intoxica-
tions when poisonous substances come in contact with the tissues, the
cells of the body show an accumulation in the cytoplasm of albuminous
granules, of various sizes and forms. While bacterial toxins are common
excitants of this change, other vegetable toxins, such as abrin and ricin,
or mineral poisons, corrosive sublimate, may induce it. This is a type of
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Fi16. 17.—ALBUMINOUS DEGENERATION —KIDNEY.
The lesion is moderate in degree and is most marked in the largest tubule above.

cell degencration which is so often associated with infectious discases
and certain phases of inflammation that it is sometimes regarded as a
part of the inflammatory process. The cells in this condition are
usually swollen and are more opaque than normal, the nucleus being
usually somewhat concealed in the granules when these are numerous
(Fig. 17). The albuminous granules in the cells are soluble in dilute
acetic acid, but not in ether, being thus distinguished from fat.
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While all the cells of the body are subject to this phase of proto-
plasmic degeneration, it is most pronounced and frequent in the paren-
chyma cells of the liver and kidney, in muscle, in epithelial cells of the
mucous membranes. These are, it will be seen, cells which have a large
amount of cytoplasm and in which metabolism is active and the exi-
gencies of nutrition are imperative. The alterations in the ganglion
cells of the central nervous system in infectious diseases and in various
forms of intoxication are somewhat different from those occurring in
other parenchyma cells and will be described in the section devoted to
the Brain and Spinal Cord.

Cells in a condition of albuminous degeneration may return to their
normal state, they may become fatty, or they may die, become necrotic,
and disintegrate.

The liver, kidney, muscle, mucous membranes, ete., when in this con-
dition, are often swollen and in gross appearance more opaque and gray
than when normal.

The exact chemical nature of this degenerative process is obscure
and will doubtless remain so until we know much more than we now
do of cell structure and cell metabolism.?

TecuNIQUE.—The microscopical study of this lesion is best made in fresh frozen

sections of the tissue, by the rapid formalin method, page 1028; orin fresh tissue teased
in one-half-per-cent. salt solution.

FATTY DEGENERATION AND FATTY INFILTRATION.

GENERAL CONSIDERATIONS.

It should be remembered that besides the occurrence of fat cells in
fat tissue and in the interstitial tissue of various organs, the accumulation
of fat in certain epithelial cells is physiological, as in the functional
processes of the mammary and sebaceous glands. In the involution
of the uterus—also a physiological process—extensive fatty metamor-
phosis of cell protoplasm occurs.

It is customary and convenient, in considering the abnormal accu-
mulation of fat in the tissucs, to assume that in one set of cases—fatty
degeneration—the fat is formed by a retrograde metamorphosis or degen-
eration of the proteid clements of protoplasm, a process by which the
integrity and capacity of the ccll are compromised, while in the other—
fatty infiltration—it may be due to a simple accumulation in the cell of
fat formed cleswhere—a condition of less significance.

The validity of this assumption has of late been called in question.
It involves in large measure the solution of the physiological problem
whether normally the fat in the body is formed from proteids or from
carbohydrates. Concerning this, many experiments and much argument
have been made;? but it appears not yet to be solved. The traditional

! For a study of albuminous degeneration see Albrecht, Verh, Deutsch, Path. Ges., Bd. vi., p. 63
1903.

2 For a critical summary of this question see Taylor, American Journal of the Medical Sciences,
vol. exvii., p. 569, 1899. For a study of the rdle of soluble soaps in formation of fat in cells see Klots,
Jour. Exp. Med., vol. vii., p. 670. Sece also ref. to Albrecht, foot-note above. For a study of myelo-
genous substances in cells sec Albrecht, Verh. Deutsch. Path, Ges., Bd. vi., p. 95, 1903.
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distinction between fatty degeneration and fatty infiltration will there-
fore be made here, with such modifications and reserve as are fitting in
view of our lack of knowledge.

There is apparently a certain amount of fat or closely related sub-
stances in the cytoplasm of many cells not demonstrable morphologically.
Similarly there is fat in the blood which may be conveved to cells.
Under normal conditions these forms of fat enter into the metabolism of
the cells and are used up.

We might perhaps wisely adopt the conception of Ribbert that fatty
degeneration is a condition in which the involved cells are so damaged
through various harmful agencies that the fat which they may normally
contain, but which is invisible in their cytoplasm, or fat taken into the
cell from without, or fat formed in the cell metabolism, is not properly
metamorphosed—burned—but accumulates in droplets in the cell
body.

FaAaTTy DEGENERATION.

In fatty degeneration there is an accumulation of larger and smaller
droplets of fat in the cell, sometimes so slight as to be scarcely visible,
sometimes so great as largely to replace the protoplasm, crowding the
nucleus to one side. These strongly refractile fat droplets are not
changed by dilute acetic acid. They are soluble in ether, and when fresh

F16. 18.—FaTrY DEGENERATION—KIDNEY.
The fat droplets are stained black by osmic acid.

are stained black by osmic acid (Fig. 18) or red (Fig. 19) by Sudan III
or Scharlach R (see technique below). Not infrequently, feathery clus-
ters of delicate fat crystals are present in the cells. Cells in exces-
sive fatty degeneration may disintegrate, forming an oily detritus in
which, especially when much moisture is present, cholesterin erystals
may form by decomposition of the fat.

To the naked eye, organs in a condition of marked fatty degeneration
are usually larger and softer than normal, have a grayish-vellow color or
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are mottled with yellowish streaks or patches, and the normal markings
of cut surfaces are more or less obscured.

Fatty degeneration may be associated with or may~follow albuminous
degeneration and may occur under similar general conditions, as in
infections, poisoning, ete. It is often associated with the processes of
necrosis and disintegration in dead cells and dead tissue. It may be
due to local or general disturbances of nutrition, from a great variety of
causes—disturbances which either directly affect the life processes of

F1G6. 19.—FaTTY DEGENERATION OF EPITHELIUM IN THE KIDNEY.
The fat droplets are stained with Scharlach R.

the cells themselves or which produce alterations in their nutritive sup-
ply. In addition to its local occurrence, as a result of local disturbances
of circulation in the vicinity of inflammations or in tumors, cte., it is
apt to occur in the liver, heart muscle, and kidney in chronic exhausting
diseases and in conditions and diseases to which profound anzmia is in-
cident, in senility, or as the result of the action of certain poisons, such as
phosphorus and arsenic.

The function of the cell in fatty degeneration may be greatly impaired,
as in fatty degeneration of the heart muscle.  On the other hand, in the
liver and kidney, the function of the organ may not apparently suffer even
with marked degrees of the lesion. The cell may recover if the lesion
be not too profound.
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FATTy INFILTRATION.

This is of common oceurrence under normal as well as pathological
conditions. The fat is believed to originate outside of the cells, accumu-
lating in them, and inducing a passive atrophy of the cytoplasm. Cells
in a condition of abnormal fatty infiltration are scarcely to be distin-
guished morphologically from those involved in fatty degeneration.
The presence in the cells of large or small droplets of fat, without marks
of degeneration in the remaining protoplasm, has been regarded as
distinctive of infiltration.

In some phases of fatty infiltration, as in the heart (Fig. 20) or the
pancreas for example, the fat accumulates in the cells of the interstitial

F16. 20.—FATTY INFILTRATION OF THE HEART.

The fat cells have accumulated befween the muscle cells of the heart, and not within them as
in fatty degeneration.

connective tissue in a manner identical with that in which the normal
panniculus adiposus is formed. The heart muscles or the gland cells are,
under such conditions, affected secondarily through pressure atrophy
from the accumulated fat. It should be remembered that fatty infiltra-
tion and fatty degeneration may occur simultaneously. When fat pro-
duction or fat storage is largely in excess of fat consumption from either
local or general causes, the condition is called lipomatosis or liposis.
Myelinic Degeneration.—During autolysis of cells and under certain
other conditions associated with fatty degeneration and infiltration there
appear irregular, double contoured, doubly refractive globules or masses,
swelling up in water, soluble in alcohol and ether. The chemical nature
of these so-called myelin bodies is as yet not clear, but they are regarded

1 For a study of lipomatosis with bibl, see Lyon, Arch. of Int. Med., 1910, vi, 10.
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as lipoid bodies, allied to soaps, in which the fatty acid essentially
concerned is oleic acid.!

TecHNIQUE.—Fatty tissues may be teased fresh in salt solution; or they may be
hardened in Flemming’s osmic-acid solution (see page 1030) in preparation for section-
ing. Hardening in Orth’s fluid and afterward in alcohol gives good results if the
lesion be extensive. In tissues which have been soaked in alcohol without previous
fixation of the fat, the latter is no longer present, its former seat being indicated by clear
spaces filled with the mounting medium. Fat crystals, however, often persist after
prolonged soaking in alcohol.

Sudan III and Scharlach R are valuable stains for fat, the fat taking on an orange
or red color. The following method is recommended for this purpose.

Smears of exudates, scrapings, etc., may be made on a slide and fixed in from five
to ten minutes in the vapor of formaldehyde. Stain in a saturated, filtered, seventy-
per-cent. alcoholic solution of Sudan III for fifteen to twenty minutes. Wash quickly
in fifty-per-cent. alcohol and transfer to water. Counterstain in hsmatoxylin or
methylene blue. Mount in glycerin. Herxheimer? recommends the solution of
Scharlach R to saturation in equal parts of acetone and seventy-per-cent. alcohol,
differentiating in seventy-per-cent. alcohol.

Sections.—Frozen sections of fresh tissue or tissue hardened in formalin are placed
for.a few seconds in fifty-per-cent. alcohol. Stain for fifteen minutes or longer in
Sudan IIT or Scharlach R.  Wash quickly in fifty-per-cent. alcohol. Rinse in water.
Counterstain in hematoxylin. Mount in glycerin. Conduct the stainings in covered
dishes to avoid a precipitation of the stain by evaporation.®

GLYCOGEN INFILTRATION.

Glycogen appears under abnormal conditions in the cells as hyaline,
mostly globular masses of varying size (Fig. 21). It is soluble in water,
is stained brownish-red by iodine,
and does not, like amyloid, as-
sume a greenish color by further
addition of sulphuric acid. In
diabetes it may occur in large
quantities in the liver cells and
in the epithelial cells of the

Fla. 21.—GLYCOGEN INFILTRATION OF uriniferous tubules, especially in
ErrtHELIAL CELLS. N .
The droplets of glycogen are stained with jodine. those of Henle’s lOOp, and }n
leucocytes. It may be found in
fresh pus cells, in the cells of various forms of tumors, and in leucocytes
in the blood in leuk#mia, in chronic diseases of the gastrointestinal tract
in children, and in various acute and chronic diseases.

TecuNiQUE.—If the tissue to be examined for glycogen be fresh, the iodine should
be used in solution in glycerin (equal parts of Lugol’s solution and glycerin), in order
to avoid its solution.  If specimens are to be hardened, this should be done in absolute
alcohol to avoid the solution of the glycogen. Sections may be stained with picro-acid
fuchsin (Van Gieson’s stain) or with a dilute solution of iodine in alcohol (tincture
iodine 1 part, absolute alcohol 4 parts); cleared up and studied in oil of origanum.

! For a study of myelins and myelin bodies occurring in fatty degeneration and otherwise see
Adami and Aschoff, Proc. Roy. Soe. B., vol. Ixxviii., 1906.

? Herrheimer, ('bl. Allg. Path., Bd. xiv., p. 841, 1903.

3 For method of staining fat-acid crystals sce Mallory and Wright's *Path, Technique,” 1904,
p. 388,
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SEROUS INFILTRATION OF CELLS (Hydropic Degeneration, Vacuolization).

Under many pathological conditions, cells, especially those of mucous
membranes, glands, muscles, tumors, etc., contain one or more larger or
smaller droplets of clear fluid (Fig. 22). The cell may thus be distended.
These droplets are usually extra-nuclear and may crowd the nucleus to
one side of the cell. The nature and source of this accumulated fluid are
not definitely known. Its transparent appearance in the granular pro-
toplasm has given rise to the term “vacuole.” It may be associated
with general tissue cedema, with inflammatory and degenerative proc-
esses, etc.

Mucous and Colloid Degeneration.

There is a group of closely related translucent glyco-proteid substan-
ces which it was formerly thought practicable to distinguish by simple
chemical tests especially relating to solubility. Among these are the so-
called mucins and colloid. The simplicity of the earlier distinction has,

F1g. 22.—SgRrous INFILTRATION Fic. 23.—Mucous DEGENERATION OF EPITHE-
oF EPITHELIAL CELLS. LIAL CELLS.
From a cyst-adenoma of the ovary.

however, not been justified by more modern research, so that the separa-
tion of mucoid and colloid degeneration along the old lines does not
express very definite chemical knowledge. It will, however, be con-
venient, while awaiting light from the chemist, to maintain the old
distinctions between mucous and colloid degeneration, unstable as are
the foundations on which they rest.

MUCOUS DEGENERATION.

Mucous degeneration may occur in cells or in intercellular substance.
When occurring in cells it consists, under pathological as under normal
conditions, of the transformation of the protoplasm into a translucent,
ropy, semi-fluid material, occupying more space than the unaltered pro-
toplasm and hence causing a swelling of the cells (Fig. 23). The dis-
tention of cylindrical epithelium by the accumulation of mucin-containing
substances in the outer portion of the cell, with the crowding of the nu-
cleus and the remnant of the cytoplasm toward the base, often gives the

- ———— A ——— = T
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cells the shape of a goblet or beaker (Fig. 24). Hence the name “ beaker
cells,”” often applied to them. This appearance is especially well marked
when the mucinogenous contents of the cell have been discharged from
the free end.

Mucins may collect in small transparent droplets within cells or may

I et =

F16. 24.—" BEAKER CeLLS.”
In the formation of mucous in the epithelium of the small intestine. The mucus is stained with thionin.

so distend them as to form a globular body with a scarcely visible rem-
nant of nucleus or cytoplasm. The cells may be totally destroyed by
the accumulation of the mucinous material within them. This new-
formed material contains mucin in solution, which is precipitated by
acetic acid and by alcohol. It swells up in water and is readily stained

Frs. 25.—Mucous DEGENERATION oF FiBrouUs TissUuE oF MAMMA.

by thionin. It occurs under a varicty of conditions, sometimes as an
abnormal increase of a normal function of cells, as in many catarrhs,
somctimes as an entirely abnormal transformation.

In certain cases, as in many tumors, in cartilage, bone, and other
tissues, the intercellular substance may undergo conversion into mucin-
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containing material, losing almost entirely its original structure (Fig.
25). The cells in such cases may be affected only secondarily by the
pressure which the new-formed material exerts upon them.

TecuN1QUE.—Tissues should be hardened in Orth’s fluid or formalin followed by
alcohol; the sections are stained with picro-acid fuchsin or with heematoxylin, which
colors the mucin-containing portions.

COLLOID DEGENERATION.

This is very closely allied, both in chemical and morphological char-
acters, to mucous degeneration, and in many cases there is no definite
microscopic distinction between them. But colloid material, which is
normally present in the thyroid, is firmer and more consistent than
mucinous, does not yield a precipitate on addition of acetic acid or
alcohol, and its formation is usually confined to cells; not involving
intercellular substance, except by an atrophy which its accumulation
sometimes induces. The cells may contain larger and smaller droplets
of colloid material, or the latter may nearly or entirely replace the proto-
plasm and accumulate to such an extent as to cause rupture and destruc-
tion of the cell. In this way, and by the atrophy of intercellular sub-
stance which its accumulation causes, cysts may be formed containing
colloid material and cell detritus. Colloid material accumulates fre-
quently in the thyroid gland. A material resembling, if not identical
with, colloid is occasionally scen in the form of homogeneous globules
in the tubules of kidneys which are the scat of other lesions, in the
hypophysis, and in various tumors.

TecunN1QuE.—Tissues should be hardened in formalin or Orth’s fluid. and stained
with picro-acid fuchsin.

"Hyaline Substances.

Under a variety of conditions there are depositad in the tissues homo-
geneous proteid substances whose origin and nature are still obscure.
Sometimes they are very abundant and seriously interfere with the
function of the organs in which they occur. But frequently they are
present in small amount and, with or without association with other
processes, seem to be of slight importance. While some of these are
characteristic in appearance and in the conditions under which they
occur, and give definite gross and micro-chemical reactions, others scem
at present to have no definite reactions and appearances, except the
homogeneous character which they all share.

One of these substances, amyloid, can be definitely differentiated by
its appearance, color reactions, and the conditions under which it occurs.
Another, hyaline substance, while less individualized than amyloid, is
conveniently considered for the present as a definite material. The
remainder of the homogencous substances cannot be classified now and
are probably of diverse origin and composition.
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HYALINE DEGENERATION.

This is the transformation of tissues into a transparent, glassy sub-
stance, much resembling amyloid in its morphological characters (Fig.
26); but which does not give the micro-chemical reactions of amyloid,
and appears under different conditions.

Hyaline substance is resistant to the action of acids, and stains
readily with acid fuchsin and eosin. It occurs especially in the walls of
the smaller blood-vessels in various parts of the body, in voluntary
muscle fibres, and sometimes involves interstitial tissue. It occurs in
the thyroid, the brain, the reticular tissue of lymph-nodes, and in the

Fi16. 26.—HyALINE DEGENERATION IN THE WaLLS F16. 27.—HYALINE DEGENERATION OF
OF SMALL BLOOD-VESSELS. MvuscLe CeLLs.
From a sarcoma. Infection of pregnant uterus.

ovaries; in the membrana propria of the tubules of the kidney and in
Bowman'’s capsule; in the walls of aneurisms, in the lesions of diphtheria,
tuberculosis, and syphilis; in the hyaloid membrane and vessels of the
eye, and elsewhere. It occurs in the unstriated muscle fibres in infection
of the uterus during pregnancy (Fig. 27). It is believed that fibrin,
blood plates, and leucocytes may undergo hyaline degeneration, and in
the form of so-called hyaline thrombi this substance may block the
capillaries in many infectious discases—typhoid fever, pneumonia,
diphtheria, pyzmia, etc.—and under other conditions (see p. 27).

Hyaline substance is not uncommon in coarse trabecul® or in masses
as an apparent modification of fibrin in inflammatory exudates and in
thrombi. Hyaline casts are common in the kidney tubules.

TecHNIQUE.—Hardening in alcohol, Orth’s fluid, or formalin. Staining by picro-
acid fuchsin or by heematoxylin and eosin.

AMYLOID DEGENERATION (Waxy or Lardaceous Degeneration).

This is a process by which the basement substance of various forms
of connective tissue, and especially the walls of the blood-vessels, become

1 Consult for bibliography of studies on hyaline degencration Lubarsch and Oatertag's ** Ergebnisse
der allg. path. Morphologie und Physiologie,” ete., Jahrg. i., Abth. i., 1895, p. 210.
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swollen and thickened by their conversion into a translucent, firm,
glassy, colorless material, albuminous in character. For the micro-
chemical reactions of amyloid substance sce below under Technique.
This albuminous material may be present in the tissues in such small
amount as to be recognizable only under the microscope, or it may be so
abundant as to give a very characteristic appearance to the tissue.
Parts in which the lesion is marked are usually enlarged, and some organs,
the liver, for example, may reach a very large size. Affected parts
contain less blood and feel harder than normal, and have a peculiar

Fi1g. 28.—AMYLOID DEGENERATION OF CAPILLARY BLOOD-VESSELS OF A GLOMERULUS OF THE KIDNEY.
The waxy vessels are stained pink with methyl violet.

shining and translucent appearance which varies in character, depending
upon the extent and distribution of the degenerated areas and upon its
association with other lesions, such as fatty degeneration. It most
frequently occurs in the smaller arteries and capillaries (Fig. 28), whose
lumen is encroached upon by the thickening of the walls which the
process involves. It is usually the media and intermediary layers of
the intima which are earliest and most extensively affected. The change
also often occurs in the interstitial connective tissue and membrane
propri@ of organs and in reticular connective tissue. It does not affect
the parenchyma cells of organs. These, however, frequently undergo
atrophy as the result of pressure from the swollen, degenerated tissue.

It is not yet known whether amyloid degeneration is due to a direct

4
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transformation of the tissue, or is an infiltration by some abnormal
material formed elsewhere and’brought to it, or is derived from the blood.

Amyloid degencration occurs most frequently and abundantly in
the liver, spleen, kidneys, intestinal canal, and lymph-nodes; but it may
occur, usually in a less marked degree, in other parts of the body: in
the larger blood-vessels, in the interstitial tissue of the heart and mucous
membranes of the air passages, and in the generative organs. It may
occur locally or appear in various parts of the body at once. It most
frequently occurs in connection with severe wasting discases, particu-
larly in those involving chronic suppuration and ulceration, especially of
the bones. It is common in tuberculosis, syphilis, and the cachectic con-
dition induced by malignant tumors, and is occasionally scen in severe
malarial infection, dysentery, and leukeemia.!

TrECHNIQUE.—T or microscopical examination, the tissue, either fresh or after pres-
ervation, should be cut into thin sections, and these deeply stained with one-per-cent
aqueous solution of methyl violet; the sections are washed in water and mounted in
glycerin. The differentiation hetween the amyloid and other parts is more distinet if,
after staining, the specimen be dipped for an instant in HCl and alcohol 1 : 100, and
then carefully rinsed. before mounting in glycerin. The degenerated areas are thus
stained rose-red, while the normal tissue elements have a bluish violet color. In
some cases, for reasons which we do not know, the amyloid substance does not show
a well-marked reaction with methyl violet. For the detection of amyloid in fresh
tissues by the iodine reaction see p. 1012.

Corpora amylacea are small, spheroidal,
homogeneous or lamellated bodies (Fig. 29),
which assume a bluish color on trecatment
with solution of iodine or iodine and sul-
phuric acid. They are frequently found in
the acini of the prostate gland, sometimes in
large numbers; in the ependyma of the
brain and cord; also in extravasations of
blood and in various other situations. They

Fi6. 20— CORPORA AMYLACEA. may occur under normal as well as patho-

From prostate gland. logical conditions, and are apparently of

little importance. They scem to have

nothing to do with amyloid degeneration, although they somewhat

resemble its products. Some of the tube casts of the kidney resemble
in many respects the corpora amylacea.?

CALCAREOUS INFILTRATION.

There is in this condition a deposition, cither in cells or in the inter-
cellular substance, of larger and smaller granules composed chiefly of
phosphate and carbonate of calcium (Fig. 30). These particles, when

1 An extended study of amyloid degeneration may be found in a monograph by Wichmann,
Ziegler's Beitriige, Bd. xiii., p. 487, 1893. Also for later bibl. Schilder, ibid., Bd., xlvi, p. 602, 1909.

A later bibliography with a summary of experiments on the production of amyloid degeneration
in animals will be found in an article by Marimow, Virch. Arch., Bd. cliii., p. 353, 1898,

2 For a study of the relutionship of corpora amylacea to amyloid substances, see Ophals, Jour.
Exp. Med., vol. v., p. 111, 1900, bibl,
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abundant, give hardness, brittleness, and a whitish appearance to the
affected tissue. Under the microscope they appear dark by transmitted,
white and glistening by reflected, light. In h@matoxylin-stained
specimens, the tissue about the lime particles and masses is apt to be
deeply and diffusely colored. Tissues may be ncarly completely per-
meated with salts, or the latter may be scattered in patches through
them (Fig. 31). Sometimes large lamellated concretions are formed in
tissues, usually at the seat of some old inflammatory process. Calcium
salts may be deposited under abnormal conditions either in tissues or in
the retained secretions and excretions of the body. In pathological
calcifications they are retained, not in the diffuse state in which they

F16. 30.—CaLciricaTioN oF EpITHELIAL CELLs OoF THE KIDNEY.

This is following sublimate poisoning. Some of the cells are converted into rounded, strongly
refractile masses of lime salts. In others the lime is in the form of granules within the cells. The
calcified parts are diffusely stained with hematoxylin.

exist in bone, but in particles or clumps, although the calcium compounds
are essentially the same under both the normal and the pathological
conditions.

Calcification in tissues usually, if not always, occurs in parts which
are dead or are in a condition of reduced vitality as a result of some
antecedent abnormal process, as a rule of an inflammatory nature.
Fatty degeneration of cells frequently precedes calcification. Among
the most common and important examples of calcareous degeneration
may be mentioned those which occur in the valves of the heart in endo-
carditis and the walls of the blood-vesscls in chronic obliterative endar-
teritis. It occursin old thrombi, in old tuberculous areas, in old infarcts,
in" long-retained dead feetuses, in cartilage, in ganglion cells in old age
or after their death from any cause, and under many other conditions.
Calcification of the epithelium and of casts in the kidney occurs after
corrosive-sublimate poisoning in man (see p. 421) and may be experi-
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mentally induced in animals. As examples of calcification of masses
.of secretion and excretion we may mention tonsillar calculi! in which
masses of epithelial cells, bacteria, ete., are infiltrated with calcium
salts. Of similar character are the preputial, bronchial, and intestinal
calculi, and calculi in the ducts of various glands; and calcification in
thrombi and other fibrinous structures.

The calcium salts are derived from the blood and lymph in which
they are held in solution. The rationale of their deposition in damaged

F1G. 31.—CALCAREOUs INFILTRATION (CALCIFICATION) OF THE KIDNEY.

Following sublimate poisoning. The calcium salts are deposited chiefly in the necrotic and fatty
epithelium of the tubules.

cells and tissues is not yet clear, though much work and discussion have
centred in the problem. The presence of phosphorus in the affected
arcas; the existence of fatty acids in cells and tissues—since fatty
degeneration so frequently precedes calcification—with which the cal-
cium may form insoluble soaps; and proteids capable of uniting with
calcium, have all been urged as determining factors. We cannot enter
here upon a discussion of this point.?

TecuN1QUE.—The carbonate of lime deposited in the tissues is dissolved by di-
lute acids with evolution of carbonic-acid gas. This process may be observed under

the microscope by running five-per-cent. hydrochloric acid under the cover-glass
upon unstained sections; the gas bubbles are caught as they evolve beneath the cover.

! Caleuli are masses of solid material of various composition precipitated from the body fluids.
They will be considered under the separate organs in which they most frequently occur.

? ('onsult Wells, ** Pathological Caleification,”” Jour. Med. Research, vol. xiv., 1906, p. 491, bibl.
Also, for a studv of the role of diffusible soaps in the formation of cell futs and in calcareous degeneration
see Klotz, ** Calcareous Degeneration,” Jour. Exp. Med., vol. vii., 1905, p. 633, and vol. viii., 1808, p.
322,
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Pigmentation.

There is under normal conditions a certain amount of pigment in the
body—in the rete Malpighi of the skin, in the eye, in muscle, and in fat.
This pigment is elaborated by the body cells and may vary considerably
in amount.

The pigment which is formed under pathological conditions may be
derived from the blood—hematogenous; from the bile—hepatogenous; or
it may be elaborated by various cells after the analogy of the normal
pigment—metabolic. Finally K pigment may be introduced into the body
from without by drugs, in tattooing, or by
inhalation—extraneous. The pigment in the
body, of whatever origin, may be in yellow,
brown, black, or reddish granules, or in
crystalline form. It is often deposited in
cells, but may lie free in the intercellular
substance. It is often transferred from
place to place in the body.!

HzMaToGENOUS ProMENT.—Blood pig-
ment may form by the decomposition of
hzmoglobin in thrombi, in extravasated or
in the circulating blood. Under these con- Fig. 32.—PiGMENT CONTAINING
ditions the hzmoglobin which is loosely Thox, wirniN EprruziaL Ceis or
associated with the plasma of the red blood The iron pigment is colored blue.
cells readily diffuses, leaving the cells—so- This specimen is from the lungs of an

employé in the Subway in New York
called “blood shadows’’—pale and almost city.
invisible and prone to disintegrate. This
destruction of blood cells is called hemolysis. Hzmoglobin in solution
in the body fluids® undergoes various phases of decomposition which
we cannot follow in detail here. One of the derivatives or groups of
derivatives of the hemoglobin is called h@mosiderin.

Hzmosiderin usually appears in the form of brown or black granules
either in cells or frce in the tissues. It is the usual form of blood pig-
ment resulting from hemolysis. It gives the microchemical reaction for
iron. For this test for iron in heemosiderin see foot-note below.?

A further common decomposition product of hemoglobin is hema-
tcidin. Hematoidin is identical in chemical composition with the bile
pigment, bilirubin. It may occur as red rhombic plates or acicular
crystals or as granules (Fig. 33). It does not contain iron. This is

1 See Askanazy, Cbl. f. Path., Sep. 7th, 1906, p. 642.

2 See page 456.

3 To differentinte free iron and certain of the iron-containing pngments of the heemosiderin group,
sections of the alcohol-hardened tissue are placed for an hour or longer in a two-per-cent aqueous solu-
tion of ferrocyanide of potassium. Transfer to glycerin containing 0.5 per cent. hydrochloric acid.
Under these conditions the iron will be stained blue or greenish-blue (Fig. 32). In order to secure
a reaction for the ferrous as well as the ferric salts, use a mixture of 1 gram each of ferro- and ferricyan-
ide of potassium in 100 c.c. of water. Transfer to acid glycerin as above. (ontrast stains may be
secured by alum carmine.

There are, it should be remembered, certain iron compounds—the so-called **masked’ iron—
which are not demonstrable by the ordinary reaction.

For a résumé of the microchemical reactions for iron, with bibl., see Tracy, Jour. Med. Research,
vol. xiv., 1905, p. 1. Also, Mann, ‘' Physiological Histology,” 1902, p. 200.
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the form of blood pigment which after a time is apt to form at the
seat of old hemorrhages or in old blood-clots, thrombi, etc., where it
may persist for a long time. '

Red blood corpuscles may be taken up by various forms of phago-
cytes, and within these cells the decomposition of the hemoglobin may
lead to their pigmentation.

Hemolysis may take place in the circulating blood in many forms
of poisoning, in acute infections, notably in malaria, in pernicious anz-
mia, in various cachexie, etc. The h@moglobin thus set free in the
body fluids may be eliminated through the urine, inducing hemo-
globinuria; it may be used by the liver in the formation of bile; or it
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F1g. 33.—HEMATOGENOUS PIGMENT. HEMATOIDIN CRYSTALS AND MAssEs FREE AND WITHIN
LEucocYTEs.

may undergo decomposition, and its derivatives may be deposited in
the cells of various organs and in the tissues as pigment granules.

A condition called hamochromatosis has been desecribed, in which a
brown pigment, probably derived from the hemoglobin of the blood, is
deposited in various tissues of the body. The organs in this condition
may appear notably pigmented on gross examination. The pigment
particles which are found in the epithelial cells of glands, especially of
the liver and pancreas, contain iron; while an iron-free pigment may be
present in the smooth muscle cells of the gastro-intestinal canal and of
the blood and lymph vessels, and in connective-tissue cells. This pig-
mentation is commonly associated with cirrhosis of the liver. Hemo-
chromatosis may be associated with diabetes mellitus and cirrhosis of
the liver, together with pigmentation of the skin—“bronze skin.”
The conditions leading to hemochromatosis are still obscure.*

HeratoGENOUs PIGMENT.—Pigmentation of tissues from the bile
occurs under various conditions. The bile may enter the blood and tis-
sue fluids in obstruction of the gall ducts by inflammation, tumors, cal-
culi, etc. In the condition called jaundice or icterus the tissues are
stained yellowish or yellowish-green by bile pigment. Icterus, it should
be remembered, may also occur in infectious diseases and in toxamia,
under conditions which lead to destruction of red blood cells within the
vessels. Bile pigment may be deposited in the liver and elsewhere in
the form of yellow or brown granules.

1 For a careful study of hamochromatosis, with bibliography, see Opie, Jour. Exp. Med., vol.
iv., p. 279.
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It consists largely of bilirubin, a substance identical with hema-
toidin, being derived from hemoglobin through the metabolism of the
liver cells.

Ochronosis.—Under conditions which are as yet little understood,
minute, iron-free, gray or black granules of pigment which may be called

F16. 34.—MEeLANOTIC PIGMENT IN TUMOR (ELLS.
Metabolic Pigmentation.

melanotic are deposited especially in cartilage but also in other con-
nective tissues. Meldnuria may accompany this form of tissue pig-
mentation. This condition has been called ochronosis.!

MeraBoLic PicMENT.—Pigments called melanins, and probably
derived from albumins, may be elaborated by various forms of cells,

N\

F1G. 35.—PIGMENTATION OF CONNECTIVE-TISSUE CELLS OF THE LUNGH.
From inhaled coal dust—anthracosis.

by processes apparently somewhat analogous with those concerned in
normal pigmentation.? This is exemplified in melanotic tumors (Fig.
34), most frequently of the choroid and the skin, and possibly in the
bronze skin of Addison’s disease.

Pigment whose nature is not very clearly defined may form in the
smooth muscle tissue of the gastro-intestinal walls, in various cachexiwe,

! For a study of ochronosis see Pick, Berl. klin. Woch., 1906. pp. 478, 509, 556, 591.

*For a study of the nature of skin pigment consult Abel and Dariz, Journal of Experimental

Medicine, vol. i., p. 361, 1896; also Chittenden and Albro, American Journal of Physiology, vol. ii., p.
291, 1899. Also Mann, * Chemistry of the Proteids,” 1906, p. 5%0.
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in the heart muscle, in the so-called “ brown atrophy,” and, under certain
conditions, in the liver.

EXTRANEOUS PIGMENT.—As examples of pigment introduced into
the body from without, we may mention the deposition of minute par-
ticles of silver from the internal use of silver salts—argyria; the coloring
of the skin and lymph glands from tattooing; and especially the pig-
mentation of the lungs and bronchial glands from the inhalation of
coal and other dust—pneumonokoniosis (Fig. 35). This is universally
present under the conditions of indoor life which modern civilization
imposes. Such pigment may be brown ar black, and is usually in very
small particles within cells or in the intercellular stroma.

Necrosis. -

Necrosis is the death of a circumscribed portion of tissue in the
living body. It may be the result of insufficient nutrition from cutting
off the blood supply, as by embolism, thrombosis, ligaturé, pressure, etc.,
or it may depend upon the action of destructive chemical agents, ex-
treme degrees of temperature, the Roentgen rays and radium. It may
be due to bacterial toxins or to toxins formed by the animal tissues;
to nerve lesions leading to trophic disturbances; or,to mechanical injury.

Defective nutrition of the body in various acute and chronic diseases
disposes the individual to local necrosis when subjected to any of the
direct agencies just enumerated. The gencral appearance of dead
tissue varies greatly. In some cases there is a simple and gradual dis-
integration and softening of the tissue, resulting in a mass of degenerated
cells and cell detritus, with more or less fluid and various chemical
substances arising from decomposition. The softening of the brain in
embolism is an example of simple necrotic softening—liquefaction
necrosts. In some cases the dead tissues merely dry and shrivel grad-
ually and become hard and dark-colored.

In another class of cases the dead tissues are permeated by fluids
which may be dark red in color, from the solution of coloring matter
from the blood, and may contain bacteria which induce putrefaction,
with the production of gases and various new chemical substances. The
tissues become swollen and granular, and disintegrate; and finally the
whole may form a mass of irregular granules, with fat droplets, tyrosin,
leucin, and various forms of crystals, shreds of the more resistant kinds
of tissue, and bacteria.

The death of cells is marked by cessation of function and by certain
morphological and chemical alterations of the body and the nucleus.
As a rule the highly specialized cells, such as the functional cells of the
brain, liver, and kidney, are most vulnerable in the presence of harmful
conditions.

There is at first no cvident morphological difference between dead
cells and living cells. But very soon in the former, changes occur. The
cytoplasm may swell and become homogeneous from imbibition of fluids;
or, on the other hand, it may become more coarsely granular. The
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nucleus stains less deeply or not at all with hematoxylin or other nuclear
dyes (Fig. 36), owing to the disappearance of the chromatin which
seems to dissolve in the tissue juices; this is called karyolysis. Some-
times, however, the chromatin does not dissolve, or only partially dis-

F16. 36.—NEcrosis or EriTHELIUM IN THE KIDNEY.

The cells in the lower portion of the cut are nearly normal; most of those above are more coarsely
granular and have failed to tnke the nuclear stain, while at the top they are disintegrating.

appears, the remainder breaking up into irregular, more or less deeply
staining granules. This is called karyorrhexis. The nuclei of cells
which are undergoing regressive processes or dying may become smaller
and denser than normal and stain more deeply; this is called pycnosis.

F16. 37.—GANGRENE OF THE Foot.

A sharp line separates the dend and gangrenous portion of the foot from the living tissues about the
posterior part and the ankle.

Presently the cell body may contain fat droplets, or without this it may
disintegrate.

GANGRENE.—When death of a considerable mass of tissue occurs, and
this either dries, as is possible on the surface of the body, or is associated
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with putrefaction in the tissue, the condition is called gangrene. The
involved part, when on the surface of the body, may dry and become
hard and brown or black—mummification, or dry gangrene' (Fig. 37).
On the other hand it may, when putrefactive bacteria are present, in
addition to its discoloration, become soft and infiltrated with foul-
smelling gases—moist gangrene. If the affected part be comparatively
bloodless, the discoloration, which is largely due to decomposition of the
blood pigment, may be absent.?
FocaL NEcrosis.—Necrosis involving a small circumscribed areca of
tissue, such as is frequent in toxemia, is called focal necrosis, p. 203.
ULCERATION.—Necrosis with erosion involving the surface of the
skin or of the mucous or serous membranes is called an ulcer. An ulcer
may be necrotic in origin, from the cutting off of nutrition in a eircum-
scribed area, as in some forms of gastric ulcer. This may be associated
with reactive inflammatory processes which tend to promote repair. On
the other hand, the process may be inflammatory in origin, death of
tissue following.
CoacurraTioNn NECRosis.—If dead areas of tissue (whether this con-
dition be due to mechanical injury, to disturbances of nutrition, or to
the local action of bacterial or other poisons)
contain the substances necessary for the
coagulation of their albuminous constitu-
ents, or if they be bathed with body fluids
from adjacent parts in which the circula-
tion is maintained, a characteristic coagu-
lation of the necrotic elements is apt to
occur. The composition of the cells of the
tissue is altered, so that the cell bodies are
shining and translucent, sometimes altered
in shape; while the chromatin and finally
the nuclei of the cell disappear (Fig. 38).
The white infarctions of the spleen and
. kidneys, the areas of coagulation necrosis
9 . in tuberculosis, and the pellicle in croupous
; inflammation of the mucous membranes are
the most common examples of this lesion.
Fig. 38 - Coaariation NEcrosis If, for example, in the spleen, one of the
The disappenrance of the chromatin ~ $Small arteries is plugged by an embolus, a
from the 2‘&:.':' s I;:‘ﬂ:fl‘;}“"['n by thelr  corresponding  portion of the spleen be-
the upper cells. comes anzmic and appears as a white,
wedge-shaped mass, sharply defined from
the surrounding splenic tissue. If such a white infarction has existed
but a short time, there is hardly any difference between the appearance
of its anatomical elements and those of the surrounding spleen, except
that they are differently affected by staining-fluids. If the infarction
is older, the cells are small and shiny and their nuelei cannot be scen.

e,

SO

! For a study of senile gangrene see Falta, Zeitschr. f. Heilkunde, Bd. xx., p. 393, 1899, bibl.
? For more detailed studies of gangrene consult works on surgery.
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In croupous inflammations of mucous membranes the epithelial cells
become shiny, the nuclei disappear, and the shape of the cells is changed
by the coagulation necrosis, so that a number of them together often look
like a network of coagulated fibrin.

Cheesy Degeneration (Caseation).—As commonly used, this term
embraces the changes in the tissues which we have just considered under
the more appropriate name of
coagulation necrosis. But it is
also applied to that form of degen-
eration in which, under a variety
of conditions, the dead tissue ele-
ments lose their normal structural
features and become converted into
an irregularly granular albuminous
and fatty material (Figs. 39 and
40), which sometimes tends to dis-
integrate and soften, sometimes
dries and becomes dense and firm,
or may become infiltrated with
salts of calcium. Thus cheosy de- F16. 39.—CoAGULATION NECROBIA.
generation may, and very often In tuberculous tissue.
does, occur in tissues which are in
the condition of coagulation necrosis; but it also occurs in tissues which
are not the seat of coagulation necrosis, but which, for a variety of
reasons and in a variety of ways, have lost their vitality.

The terms ‘“coagulation necrosis’’ and ‘‘cheesy degeneration,” as
commonly used, in part actually cover the same degenerative conditions
in the tissues. Both are indefinite, and will no doubt remain so until

we gain a more precise knowledge
of the conditions under which they
oceur.
Far Necrosis.—This is a de-
generative process most frequent
y in the subperitoneal fat and in and
about the pancreas, and especially
associated with lesion of that
organ. We refer for details to the
special section, p. 704.
The Disposal of Necrotic Tissues.
Fic. 40.—Ax AREA oF Curesy DEceneration —.NeCrotie tissues may be sepa-
{(aseamion) ax A Miuarr Tessrcie v THE pated from the living body by in-
flammatory processes and wholly
cast off, as in gangrene of a limb, or in bone, the dead portion here
being called a sequestrum.

Fragments of dead cells and tissues in the living body are in part
disposed of by leucocytes or other mesoblastic eells which may be
attracted to them, and may cause their solution by proteolytic enzymes
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which are set free or by the incorporation of particles of the dead tissue
into their bodies where they are destroyed.'

Furthermore, the absorption of necrotic tissues is in part due to
proteolytic enzymes furnished by the dead and degenerating cells them-
selves. The self-destruction of tissues in the ways indicated is called
aulolysis (sec p. 106). To what extent the lytic substances through
which dead tissues are softened may be derived directly from the blood
plasma is not yet clear. At any rate, through chemotaxis, phagocytosis,
and autolysis considerable masses of necrotic tissue may be finally re-
moved.? Dead bone is dissolved and disposed of by special forms of
cells called osteoclasts (see p. 103).

Recent studies relating to the adaptation of the body to various alien
substances have led to new conceptions of the nature of the processes by
which the body frees itself of useless or harmful material either devel-
oped within it or introduced from without. For a fuller consideration
of these processes see cytolysis, p. 171.

1 See Phagocytes, p. 98.
? Wells, Jour. Med. Res., vol. xv., p. 149, 1906.



CHAPTER 1V.
PROGRESSIVE TISSUE CHANGES.

Hypertrophy and Hyperplasia.

HyrertroPHY.—Under a variety of conditions, cells, larger parts of
the body, or organs become larger than normal. The structural change
to which this enlargement is due may be a simple increase in size of the
elementary structures of the part, the cells. This is called simple hyper-
trophy. It is usually associated with some increased functional demand
upon the cells and an increase in their functional capacity; as, for exam-
ple, in the hypertrophy of the heart with lesions of the valves, or in the
hypertrophy of one kidney, which in case of diminution or suspension of
function in the other assumes the work of both—compensatory hyper-
trophy.}

Pathological hypertrophy in response to functional demand—jfunc-
ttonal hypertropy—has its physiological prototype in the changes in the
uterus and in the mammary gland during pregnancy.

It should be borne in mind that the simple enlargement of a part or
organ does not necessarily involve the hypertrophy of any of its structural
elements. Thus there may be an increase of fat in a muscle causing -
its enlargement; waxy degeneration of the liver may determine great
increase in the size of this organ. It is well to limit one’s conception
of hypertrophy to enlargement of specific structural elements of a part
with maintenance or increase of functional capacity, and to consider
other instances of enlargement, such as those just cited, as examples of
pseudo-hypertrophy.

HyrErpLASIA.—In many cases the increase in size of a part or
organ is due not only, or not at all, to the increase in size of its element-
ary structures, but to an increase in their number. This increase in
number of the structural elements of a tissue or organ is called numer-
ical hypertrophy, or hyperplasia.®

Hyperplasia of connective tissue is of frequent occurrence in associa-
tion with atrophy of the parenchyma of various organs, replacing the
damaged cells as these diminish or disappear. This is called replace-
ment hyperplasia.

Hypertrophy and Hyperplasia in Special Organs.—In hypertrophy of
the heart associated with the increased amount of work which it has to
do in maintaining the circulation in various forms of valvular lesion,

1 For bibliography of compensatory hypertrophy see reference to A4aschoff, p. 79.

2 Consult for examples of hyperplasia and hypertrophy the following sections on Regeneration and
Inflammation.
61
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pulmonary and vascular obstruction, or excessive bodily strain;' in
hypertrophy of the unstriated muscle such as may occur in the bladder
in urethral stricture, calculi, etc., in the stomach in pyloric stenosis, in
the arteries in chronic diffuse nephritis; as well as in the voluntary-
muscle hypertrophy from athletic exercises, ete., the individual muscle
cells and fibers are increased in length and in thickness.

In hypertrophy of one kidney from the loss of the other or part of
its own substance by operation or lesion, there is enlargement of the
epithelium, especially of the convoluted tubules and of the glomerular
epithelium covering the tuft, the latter being also enlarged. Changes in
the collecting tubes and in the interstitial tissue are less marked even in
kidneys which are greatly increased in size.

Compensatory hypertrophy of the liver following destruction of
part of the parénchyma scems to be largely due to the new-formed
liver cells, and to hyperplasia of the interstitial tissue, but the hyper-
trophy of the old cells occurs.

Compensatory hypertrophy of the thyroid and adrenals has been
experimentally induced. Hypertrophy of one testicle occurs after the
removal of the other, and the same is true of the mammary gland. Com-
pensatory hypertrophy of the ovaries has not been observed.

After destructive injury to the spleen its function may be in a
measure assumed by the bone marrow and lymphatic tissue which
undergo compensatory hypertrophy.

In most of these conditions hyperplasia of the interstitial tissue is
associated with the hypertrophy of the specific parenchyma cells whose
response to increased functional demands is marked by simple hyper-
. trophy.

Metaplasia.

In the development of the body there is a constant and progressive
differentiation of cells. When development is complete a certain speci-
ficity exists, marked by functional and structural characters. These
specific characters in cells are fairly permanent under normal conditions.
Under a variety of abnormal conditions, however, they may undergo
modification so that one type of cell or tissue may assume more or
less completely the characters of another type. But the limitations
of this change in type are strictly drawn, so that one type can assume
only the characters of another which is closcly related to it. This
change of one form of closely related tissue into another is called meta-
plasia.

Thus, by a gradual change in the cells and stroma of fibrous tissue,
this may be converted into bone, as mucous tissue may become fat tissue,
and hyaline cartilage become fibrous. Metaplasia is a process involving
active changes on the part of the living cells of the tissue, and should be
clearly distinguished from certain degenerative and infiltrative processes,
in the course of which one form of connective tissue may assume super-

1 For conditions of cardiac hypertrophy see p. 550. Fora fuller considerntion of the phases and
conditions of hypertrophy see Adami **Principles of Pathology,” i, p. 535.
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ficial resemb:lances to others of the group, as in calcareous and mucoid
degeneration.

The infiltration of the cells of fibrillar connective tissue with fat,
and the reverse process in which the fat is lost, as in atrophy and emacia-
tion, are not, strictly speaking, examples of metaplasia.

While metaplasia is most common among the members of the con-
nective-tissue group, it sometimes occurs in other tissues. Thus, for
example, the epithelium of the nose, bronchi, urinary passages, cervix
uteri, and gall-bladder may under a variety of conditions assume the
characters of squamous epithelium of the skin type.'

One should be critical in estimating the value of evidences of meta-
plasia, which has apparentlv been assumed to occur more frequently
than the facts justify. For example, many instances of alleged meta-
plasia can be equally well accounted for on the assumption of defects
of development in which a certain portion of tixsue has failed to com-
plete its differentiation, thus remaining in form and in situations which
simulate the results of metaplasia. Or, cells of the differing types may
have grown into the region from adjacent parts.

When differentiation has advanced so that such distinet types of
tissue have been formed as connective tissue, epithelium, muscle, nerve,
these do not again merge through metaplasia. There is no evidence
that mesoblastic tissues can be converted into those of the epiblastic or
hypoblastic type or rice versa.

Reversion.

Under various conditions, but especially when highly differentiated
cells have been thrown out of function often as the result of inflammatory
processes, they appear to assume the morphological characters which
belong to an early stage in their development. This is called reversion,
reversionary melamorphosts or kataplasia. Thus the flat epithelium of the
air vesicles of the lungs or the cylindrical epithelium lining the bronchi
or the stomach may become cuboidal. In the kidney the epithelium of
the glomeruli and also of the convoluted tubules may become cuboidal.
So in chronic peritonitis the endothelium may become greatly thickened.
Muscle fibres and connective-tissue cells may assume for a longer or
shorter period distinctly embryonic forms. But here, as in metaplasia,
one should accept the morphological evidence of reversion with due
reserve, since in many instances the cells in question of the lower type
may be the results of a reparative process not yet complete, and may
have been derived from newly-formed cells.? Furthermore the shape of
cells in general is so closely dependent upon nutrition, pressure, and
mutual relationship that even slight departures from these may lead to
changes in form quite as marked but not of such significance as those in-
volved in reversion.

.. 'For references to epithelial metaplasia see Menetrier in Bouchard’s ** Trité de path. gén.,”" t.
liL, pt. 2, p. 784. See also for a discussion of metaplasia Ribbert's *‘ Lehrbuch d. allg. Pathologie.”
2d edition, 1905, p. 323, and "* Geschwulstlehre,” 1904. Also Adami, **Principles of Pathology, vol. i,
p. 586.
. _*See Ribbert’s ‘' Geschwulstlehre,” p. 15, 1904. Also for general review of reversion and growth
in tissues see Adami, ** A. Jacobi Festschrift,”” 1900, p. 422, and in his Pathology, i, p. 810.
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Regeneration.

General Considerations.—It is during the earlier periods of life that
the new formation of cells in the body is most active. From the fertil-
ization of the ovum until the tissues and organs have assumed the varied
forms and functions which the physiological division of labor among the
cells imposes, cell proliferation and cell adaptation to a changing envi-
ronment are constant and important features of individual development.
After this time, under normal conditions, new cell formation is largely
limited to the replacement of worn-out cells or to the restitution of
such cells as may be sacrificed in the performance of their physiological
functions.

The studies of Bizzozero have shown that, notwithstanding the great diversity in
the capacity for physiological regeneration among tissues, they may be conveniently
grouped into three classes, as follows: First, tissues whose cells are capable of multipli-
cation throughout the life of the individual or for a considerable period after maturity,
and so lead to a continual regeneration. These are tissues whose cells are labile and
evanescent. In this class are the parenchyma cells of those glands or structures which
produce formed elements, such as the spleen, lymph-nodes, bone-marrow, ovary, testi-
cle. Also the epithelium of the skin with its hair follicles and sebaceous glands, and of
the mucous membranes of the respiratory, digestive, and genito-urinary organs. Sec-
ond, tissues whose elements increase by division up to the time of birth, or sometimes
for a short period thereafter, when evidence of physiological regeneration ceases.
These are tissues with permanent cells. In this class are the parenchyma cells of those
glands which secrete fluid material, such as the liver, kidney, pancreas, salivary glands,
etc. Also members of the connective-tissue group, fibrous tissue, cartilage and bone,
and the smooth muscle fibres. Third, striated muscle and nerve tissue. In these
tissues, division by mitosis ceases at an early period and hefore the tissues have ac-
quired their special characters. Here a physiological regeneration does not occur.

This grouping of tissues in accordance with their capacity for physiological regen-
eration, while liable to modification under further research, affords a suggestive guide
in our studies of regeneration under abnormal conditions. For beyond the regenera-
tive capacity normally exercised by cells in response to the physiological wear and
tear of life, they are frequently called upon to make good unusual losses, as the result
of many forms of injury.

Regeneration of injured tissues, all new growths, as well as the
hyperplasias above mentioned, are invariably brought about by prolifer-
ation or other changes in living cells. Furthermore, just as the cells of
the adult organism are the offspring of one original cell, the ovum, so
are all the new cells which appear in the body under abnormal condi-
tions derived from pre-existing cells by division.

We shall now briefly summarize the morphological changes which
cells undergo in division and shall then indicate the degree of regener-
ative capacity which various forms of tissues possess.

MODES OF CELL DIVISION.

The careful and minute study of cells during the act of division,
which has been recently made, has revealed many most curious phe-
nomena and has opened a new world of observation nearer to the elemen-
tary expression of life than has secemed possible in earlier times. It will
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suffice for our purpose briefly to indicate some of the more striking feat-
ures of the new cell lore.

It is well to recall at the outset that recent studies of cclls have
shown that even in their simplest forms they are highly organized, and
that their different parts have special functions to perform. Thus the
nucleus presides over the constructive metabolism or assimilative proc-
ess of the cell and furnishes the physical basis upon which the trans-
mission of hereditary characters depends. The cytoplasm of the body,
on the other hand, is concerned in those phases of metabolism which
result in the liberation of energy in movements of various kinds and in
the formation of new chemical substances. The centrosome also in
certain cells, though not apparently in all, appears to play an important
part in the changes incident to division.

Two modes of cell division are commonly recognized. First, indirect
division (mitosis, or karyokinesis) ; second, direct division (amitosis).

IxnpIRECT (MITOTIC) CELL DIvISION.

This is the most common mode of cell division and is especially char-
acteristic of embryonic cells and those which are undergoing active de-
velopment.  While it presents great variations, its general features may
be thus briefly summarized:

Among the earlier changes which are to be seen in a cell about to
divide by mitosis are a condensation and an increase in the staining capac-
ity of the chromatin of the intranuclear network. This chromatin sub-
stance gathers into a contorted thread or threads, called the spiremes
(Fig. 41, 2), within the nucleus, whose membrane with the nucleolus
gradually disappears so that the spireme lies free in the cytoplasm; and
at the same time with, or preceding, these changes in the nucleus, there
may be a division of the centrosome when this is present, the segments
resulting from this division passing to opposite parts of the cell, usually
outside the limits of the nucleus. Around each of the new centrosomes,
which stain deeply with hematoxylin or other nuclear dyes, may be a
clear zone of unstained material, or a series of fine radiating fibrils, or
both; the whole forming a structure called a polar body (Fig. 41, 2 and 3).

Now the threads of the spireme break across transversely, forming a
series of more or less rod-like bodies called chromosomes, which form a
somewhat flattened cluster or wreath between the polar bodies, lying in a
plane at a right angle to a line passing between the latter.! While this
mass of chromosomes—sometimes called the monaster—has a stellar or
wreath-like appearance when scen from the side, it is more band-like
when viewed in profile (Fig. 41, 3 and 4).

Between the polar bodies and across the monaster there may now be
stretched a bridge or spindle of delicate fibrils resembling those about the
centrosome in the polar bodies.

11t is believed that every species has a fixed and characteristic number of chromosomes in the

dividing cells, and that in forms arising by sexual reproduction this number is even. In man the num-
ber is believed by some to be 168, by others 32.

5
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This fibril-spindle, together with the polar bodies, is called the achro-
matic figure in distinction to the structure formed from the chromatin,
which stains with nuclear dyes, and is called the chromatic figure.

The whole complicated structure composed of both the chromatic
and achromatic substance constitutes the mitotic figure.

Now each chromosome splits lengthwise into exactly equal parts.
These parts separate into groups which pass to the polar bodies at op-
posite ends of the spindle. This is sometimes called the diaster phase of
mitosis (Fig. 41, 5 and 6).

Corresponding to the division of the chromosomes into equal parts,
the cell body divides, each part containing one of the groups of daugh-
ter chromosomes or diasters, together with one polar body and a part
of the achromatic spindle (Fig. 41, 6). Now a new nucleus is formed

J 3 7
F16. 41.—PHasEs oF Mirtosis.

1. Resting cell. 2. Spireme phase: the centrosome has divided, the polar body is seen above,
the nuclear membrane has not yet disappeared. 3. Monaster phase: the polar bodies have arranged
themselves on either side of the monaster, here seen from the edge. 4. The monaster seen from the
side. 5 and 6. Diaster phase: the chromosome clusters have separated and the achromatic figure is
seen. In 6 the segmentation of the cell body has begun. 7. The completion of the nuclear division
and segmentation of the cell body.

about the daughter chromosomes which gradually assume the characters
of the resting intranuclear network (Fig. 41, 7). The achromatic fibrils
disappear from the new cell, while the centrosome may also disappear or
may take its place in the cytoplasm beside the new nucleus.

There are countless variations and details in the minute processes of
mitotic cell division and much interesting conjecture as to the meaning
of the various changes in mitosis, which the scope of this work does not
permit us to consider. But the facts already at hand are of extrcme
significance to the biologist and point toward large fields of research in
pathology when the normal processes shall have been more clearly and
exhaustively determined.

Abnormal phases of mitosis are not infrequent. Thus, the mitotic fig-
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ures may be asymmetrical, so that the distribution of chromatin sub-
stance to the daughter cells may be unequal (Fig. 42). There may be
multipolar mitosis, so that, instead of two, several nuclei may form. Or,
the new-formed chromosome masses may fail to share in the formation of
the new nuclei.

Such abnormal mitoses are
frequent in certain tumors, and .
they may be experimentally in- ST el
duced by the application of %_:; )
various chemical substances to - e
living cells. Too little is known ot
about the conditions under which
abnormal mitoses occur, and too | ::::h ﬁlh_ﬁ:";:‘;:: :';::":m‘znﬂm o
little about the nature of the the cell to the left tripolar.
impulse to cell division in gen-
eral, to justify to-day far-reaching conclusions as to the significance of
these interesting abnormalities in the life of the cell.

The Significance of Mitosis.—The term mitosis or karyomitosis is
applied to this indirect mode of cell division, on account of the involve-
ment of the nuclear threads. It is also sometimes designated as karyo-
kinesis, from the form changes which these threads undergo. Aside
from its intrinsic biological interest, a knowledge of mitosis in proliferat-
ing cells is of importance in pathology, because the recognition of mitotic
figures often enables us to decide with certainty what particular cells or
cell groups are involved in the formation of new tissue, The most sig-
nificant feature, however, of the whole process of mitosis, with all its in-
tricate variations, appears to be that the chromosomes, during their
separation into two or more clusters to form the basis of new cells, undergo
an exact longitudinal division. So that, under normal conditions, no mat-
ter how unequal the division of the cytoplasm may be, all of the new nuclei
share alike in the chromatin substance of the parent nucleus. This fact
appears to be of extreme importance in the recognition of a physical basis
of inheritance.!

Direct (AmriToric) CELL DivisioN.

In this, which although relatively rare, appears to be the most simple
mode of cell division, without thosc preliminary changes in the nucleus
which are seen in the mitotic cell division, the nucleus with its membrane
becomes constricted and finally divides into two or more parts which be-
come new nuclei. At the same time or following this simple nuclear
division the cell body divides, and thus two or more cells may form in
the place of onc. Sometimes the nuclear division is not followed by a
division of the cell body, and thus multinuclear cells, or “giant cells,”
may be formed.

1 See summary by Wilson, Science, Feb. 24, 1805. For a résumé of physiology and pathology of

the nucleus sec Adami, Brit. Med. Jour., Dec. 22, 1906, p. 1760. Consult also Adami on development
and inheritance, ** Principles of Pathology," vol. i.
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The significance of the difference between the amitotic and the mitotic
cell division is that, while in the former there is an exactly even division
of chromatin to the daughter nuclei, the division in the latter is of the
nuclear mass as a whole.

Amitotic, as well as mitotie, division occurs in leucocytes, in some
forms of epithelium, and in pathological new formations. While the
nature of the process is little understood, there appears to be much
reason for the belief that, in general, amitotic division is “ characteristic
of highly specialized or degenerating cells in which development is ap-
proaching its end.”’!

GENERAL CHARACTERS AND LIMITATIONS OF CELL REGENERATION.

It should be borne in mind, in studying the regeneration of various
kinds of cells and tissues, that the acquirement by certain cells of special
functional powers as the result of the physiological division of labor has
involved the impairment of some of their more primitive general capac-
ities, among these that of reproduction. Thus it is that we find in the
ganglion cells an almost total lack of reproductive capacity; while in
many of the gland cells this is slight, in others considerable. In some of
the less highly differentiated cells of the body, on the other hand, as in
certain forms of epithelium, in blood cells, and in the cells of the con-
nective tissue, this primitive capacity of protoplasm to form new simi-
lar cells by division is maintained, and may be evoked by the changed
conditions which injury or loss involves.

Although the occurrence of mitosis is the mark by which we espe-
cially recognize the regenerative process in cells, it should be remembered
that mitosis or some of its phases may occur in cells, without being fol-
lowed by those further changes which lead to new cells or new tissues.?

We may also often recognize new-formed cells and tissues by differ-
ences in the shape and character of the cells and the arrangement of the
tissue elements, these often approaching the embryonic type in form as
well as in character of development. Furthermore, the atypical arrange-
ment often seen in new-formed cells, both in regard to each other and in
their association with older tissues, may aid in the identification of the
formative process.

Individual cells, even after having undergone marked structural
changes—as, for example, in albuminous degeneration—or after a cer-
tain degree of physical injury, may be restored to a normal condition.

After destructive injury or loss, a full and complete replacement of
cells and tissues can occur only as the result of a proliferation of cells of
the same type as those to be restored. Thus a regeneration of epithe-
ium occurs by proliferation and growth of epithelial cells alone; regen-

1 For a comprehensive summary of facts and theories concerning the cell, both in higher and lower
forms of life, consult Wilson's masterly work, ** The Cell in Development and Inheritance.”

2 One is often disappointed in seeking for mitotic figures to find so few of them cven in rapidly
growing tissues. This is due to the fact that cell division even when active is not continuous, and
periods of re:t may follow the act of division. See Thoma's ' Text-book of General Pathology,’ English
Tr., vol. i., p. 481.
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eration of muscle by muscle cells, etec. In fact, however, in the higher
types of tissue, after considerable injuries with loss of substance or after
destructive pathological processes, complete regeneration is not common.
This, as we have seen, is because the highly specialized cells of the body
are limited in their capacity for reproduction closely to the domain of
physiological regeneration. What we ordinarily call healing in exten-
sive wounds of the more highly specialized tissues is usually a provi-
sional makeshift repair by means of new-formed connective tissue.

We have seen that the regenerative capacity in the cells of the human
body is most marked in the less highly diffcrentiated types of cells, and
that it is above all connective tissues, blood-vessels, and epithelium
which most freely and most completely undergo regeneration. These
are relatively lowly organized tissues and serve for the maintenance or
protection of more highly specialized tissues, and with them regencra-
tion may be complete with full restoration of function.® But although
the more highly organized tissues in man do not undergo after injury any
considerable regeneration, they arc, when uninjured, capable, under the
stimulus of increased functional exercise, of compensatory hypertrophy,
8o that the loss to the organism of similar tissue is made good, an ex-
ample of which is the structural hypertrophy and increased performance
of one kidney after the removal of the other.?

The capacity to regenerate lost or injured parts exists to a certain ex-
tent in all animals but is most marked among the lower forms. Thus if
an ameba be cut in two so as toleave one part with the intact nucleus,
this part lives and the one-celled organism is completely restored. The
fresh-water hydra, composed of many cells, may reproduce a large por-
tion of the organism from a small severed fragment. The common earth
worm can reproduce a severed head or tail. Crabs reproduce a whole leg
if the severance takes place at a particular joint. Salamanders, snails,
ete., can reproduce a leg and tail. It is further noteworthy in this connec-
tion that the larve of many lower forms, such as reptiles and insccts,
have a much greater capacity for the reproduction of lost parts than the
same species have when in the adult condition.?

REGENERATION OF SPECIAL TISSUES.

Regeneration of the Nerve Tissue.—In the nervous system we find no
evidence that the ganglion cells are capable of reproduction. Some phases
of mitosis arc occasionally found in them, although they do not appear
to lead to proliferation. But if the essential parts of the ganglion cells,
including the nuclei, be intact, a restoration may occur of their central
as well as their peripheral branches. The fibrous and the neuroglia tis-
sue of the central nervous system, on the other hand, may increase, and

1 Consult Morgan, ‘‘ Regeneration,” Columbia University, Biol. Ser., 1901.

2 For an illuminating discourse on the surplus of functional provision in the body see Melizer,
‘“ The Factors of Safety in Animal Structure and Animal Economy,” Harvey Lecture, 1907, reprinted in
Jour. Am. Med. Assn, xlviii, 655, 1907.

3 For a suggestive study of the lnws of growth and changes in cells and tissues during development,
and their relationship to the nature and cause of old age, see Minot, Harvey Lectures, 1905-1906. Also
Pop. Sci. Monthly, 1xxi, 1907.
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in this way, even with considerable loss of substance, injuries to the
brain and cord may undergo a sort of patchwork repair.

In the peripheral nerves a considerable regeneration of fibres may
take place after injury, when the corresponding ganglion cells are intact.
This restoration may be effected in part by fibrous tissue which bridges
the damaged region and affords guides or channels along which the axis
cylinders may grow out from the uninjured central segments, finding
their way to their endings, as in embryonic development they stretch
into the tissues far from the ganglion cells in which they originate. The
restitution is possible here because the centre of nutrition and at least a
limited reparative control in the ganglion cell are intact.

Further details as to degenerations and regenerations of nerves and
nerve tracts may be found in the chapter devoted to The Nervous
System. .

Regeneration of Muscle Tissue.—Regeneration of smooth-muscle tissue
after injury is slight. Mitosis may occur in the cells and preliminary
phases of division of the body have been desecribed, but it is doubtful
whether, except possibly to a very slight extent, new cells are formed.
Such healing as occurs after wounds and other injuries is largely effected
by new-formed fibrous tissue.

A partial regeneration of striated muscle occurs after various forms of
damage and losses of substance. There may be division by mitosis in
the sarcolemma nuclei (Fig. 43) associated with the accumulation near

FiG. 43.—REGENERATION OF STRIATED MUSCLE AFTER INJURY.

The nuclei of the sarcolemma have proliferated and are surrounded by a small amount of non-striated
protoplasm.

them of granular protoplasm, which becomes striated, either in situ or
as independent cells. At the injured end of the muscle fibre a similar
process may occur, so that these damaged fibres may be in part restored.
If as the result of the injury some of the nucleated protoplasm escapes
from the sarcolemma, a similar development of striated cells and cell
masses may occur.

It is especially in certain forms of degeneration of the contractile
substance, after typhoid fever for example, in which the nuclei, the sar-
colemma, and the general framework of the tissue are uninjured, that
regenceration of striated muscle fibres is most complete. After injuries
with considerable destruction of the muscle tissue, regencration is apt to
be irregular and incomplete. While there is often much nuclear divi-
sion and often the formation of large numbers of more or less striated
and variously shaped cells, these are apt not to develop into useful
muscle fibres and may disappear by degeneration and absorption or by
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pressure atrophy. Here, as elsewhere in highly organized tissues, such
restitution as is possible after considerable injury is achieved by fibrous
tissue.

It is interesting to note that such regeneration as does occur in
striated muscle is not initiated by the highly differentiated contractile
substance, but by the nuclei and small residual amount of undifferen-
tiated protoplasm, and that such more or less definitely striated cells as
arc formed are in many respects similar to certain forms of developing
muscle cells in the embryo.

Although mitosis and nuclear division have been scen in the muscle
fibres ‘of the heart after injury, there is no evidence that new muscle can
be formed. Repair, which is not infrequent, is secured by fibrous tissue.

Regeneration of Epithelium.—Owing to continuous shedding or to
functional destruction of epithelium of the skin and mucous membranes
and certain of their adnexa, physiological regencration by mitosis is
common.

After injuries, also, regeneration of epithelium in these situations oc-
curs by mitosis and may be extensive and complete. The new epithelium
always forms from the old, and, when surface losses are to be made good,
extends inward from the edges across the injurcd area after a suitable
substratum has been formed by fibrous tissue and blood-vessels (Fig. 44).

- e
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F1G. 44.—REGENERATION OF EPITHELIUM.

From a wound of the tongue. At the left is normal epithelium; at the right the thin pellicle of new-
formed cells is extending over the surface of the wound.

The new epithelium is at first atypical in form and arrangement owing
to the necessity for a gradual adaptation to the sustaining and associated
tissues. Thus the epithelium, which at first presses forward over a heal-
ing wound of the skin, may be in the form of an irregular layer of cells
(see Fig. 45) or of a thin smooth pellicle without the usual variations in
size and shape by which it is later characterized when the papille of
the new cutis are formed and the new cells have adjusted themselves
to these and to ecach other.! In stratified epithelium it is the decper
layers from which the new cells chiefly arise. While amitotic division
has been observed in the restitution of surface epithelium, this occurs
in the more superficial cells and is believed not to be concerned in the
regenerative process.

Regeneration of gland epithelium after injury is of frequent occur-

1 For a study of the regeneration of mucous membranes see Cornil and Carnot, Arch. de méd. exp.,
tome xi., p. 413 1899. For repair of bladder mucosa, Lasio, Virch. Arch., Bd. clxxviii., p. 65, 1904.
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rence, though this capacity varies considerably in different glands. In
many cases it appears to be by a proliferation of the epithelium lining
the smaller excretory ducts that the restitution is accomplished, rather
than by the more highly differentiated secreting cells. This is of espe-
cial interest because it affords an exccllent example of the rehearsing
under abnormal conditions and for reparative ends of a developmental
phase of cell life.

In the liver very extensive new formation of liver cells may occur
after experimental removal of a portion of the organ. These new cells
arising largely from the epithelium of the small gall-ducts do not form
real liver tissue, however, since in this a definite relationship must exist

——

FiG. 45.—REGENERATION OF EPITHELIUM.

The epithelial cells advancing into and over the superficial portion of the granulation tissue at the
right are fusiform and irregular in shape. They do not until later assume their usual forms and their
relationships to one another and to the underlying tissue.

between the liver cells and the gall-duets, the blood-vessels and the
interstitial tissuc. Such a relationship can be secured only under the
conditions of embryonic development when all the various tissues in-
volved are being formed together. After large destruction of liver cells
in certain forms of toxemia—called acute yellow atrophy of the liver—
there may be an extensive and successful regeneration because the
associated tissues arc not at the same time destroyed.

In the thyroid gland new gland tissue may be formed after injury.

In the Aidney the regenerative capacity of the epithelium appears to
be less marked, though proliferation of the epithelium of the collecting
tubes may take place and epithelium to a considerable extent may be
renewed if the blood-vesscls and interstitial tissue remain intact.?

Regeneration of epithelium to a considerable extent may take place
in the mammary and salivary glands. But here it is the less highly dif-

! Consult Pearce, Jour. Med. Research, vol. xx, p. 53 1909.
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ferentiated cells of the excretory ducts rather than the secreting epi-
thelium through which regeneration is secured. In the orary and
testicle a slight amount of regenerative capacity may be manifested
through mitosis and division of epithelium, but its results are insig-
nificant. The pancreas and spleen show little or no capacity for
regencration.’

In all these cases of partial regeneration it is often difficult to deter
mine how much of the increase in parenchyma, which undoubtedly does
occur, is due to a formation of new gland tissue and how much to a com-
pensatory hypertrophy of the old. While, therefore, it is true that after
injuries to the glands a considerable regeneration of epithelium may
occur, when the loss of substance is extensive it is usually rather by a
fibrous-tissue repair or by a compensatory hypertrophy or hyperplasia in
the uninjured portions of the organ than by the new formation of true
gland tissuc that restitution occurs.

Regeneration of Connective Tissue.—We have scen again and again
in reviewing pathological regeneration that, in local restoration after
injury, fibrous tissue plays an important part, either by itself or in asso-
ciation with various forms of parenchyma. New fibrous tissue readily
forms in the-adult to replace tissue which has been destroyed. It re-
sults from many kinds of prolonged chemical and mechanical irritants.
Atrophy of the parenchyma may be followed by interstitial fibrous-
tissue growth, or new fibrous tissue _
may develop under the influence T
of bacterial and other toxic sub-
stances, and it frequently forms
dense capsules about the scat of
old lesions or around foreign bodies.

Many forms of compensatory
fibrous-tissue development will be
described in the second section of
this book, such as thickening of
the walls of blood-vessels, inflam-
matory adhesions, replacement
hyperplasia, etc.

We have now to consider brieﬂy F1a. 46.—MiTosis IN GRANULATION TIsstE.
the changes involved in the new Two of the new-formed connective-tissue cells
formation of this fbrous tissue. waader mm e o tiamerr ClCoCtes huve

wandered into the new tissue.
Here, as in all other tissues of the
body, it is the cells alone which take the initiative, the formation of
intercellular substance being always secondary to the formation of the
cells and always occurring under their influence.

New connective-tissue cells may be formed by mitosis (Fig. 46),
either from older connective-tissue cells, or, as now seems certain, from
the endothelium of the blood-vessels? and possibly from the so-called

! For a study of compensatory hypertrophy of hemolymph-nodes after removal of spleen, see
Weidenreich, Arch. f. Mik. Anat., 1905, bibl.
2 See Baumgarten, Arbeiten, Path. Inst. Tiibingen, Bd. iv., p. 310.
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“plasma cells.””! In either case the cell about to divide shows an increase

in the size of the body, which becomes more granular; the nucleus divides
by mitosis, segmentation of the cytoplasm following. This process may
be repeated so that many cells are derived from one, separated at first by
a small amount of homogencous intercellular substance. These cells,
at first more or less spheroidal in form, may become larger, and polyhedral
or elongated. Little by little, fine fibrils appear between the cells, some-
times apparently as extensions of their cytoplasm, sometimes along their
sides in the homogeneous material in which they lie. Such new con-
nective-tissue cells concerned in the formation of fibrillar stroma are
called fibroblusts (Fig. 47). As the fibrous stroma increases in amount

F16. 47.—REGENERATION OF CONNECTIVE TissUE.

Showing fibroblasts with a few new-formed intercellular fibrils between them. The walls of the blood-
vessels are very thin.

the cells, at first relatively abundant, become elongated and flattened,
until as the new tissue approaches maturity the more or less dense
fibrillar stroma preponderates, pressing the cells between its bundles or
layers into variously shaped plaques, often fusiform or linear in profile.

In the formation of fibrillar connective tissue from endothelium the
endothelial cells of thin-walled blood-vessels inercase in size, stretch
slender bud-like extensions into the adjacent tissue, where, after mitotic
division, they assume a réle altogether identical with that of the ordinary
connective-tissue cell.

1 PLasMma CeLws.— It is believed by many that the so-called plasma cells are frequently and largely
concerned in the formation of new fibrous tissue. Plasma cells are rounded or polyhedrl or elongated,
depending upon their situation, and vary in size from that of a leucocy te to many times this size. The
rounded or oval nucleus is usually excentric and commonly shows several irregular groupings of chro-
matin masses just beneath the membrane. The body of the plasma cell is especially characterized by
the staining of its protoplasm by basic anilin dyes—the polychrome mecthylene blue of Unna, for example.
The staining is commonly less intense near the nucleus and is otherwise frequently uneven.

Such cells occur normally in the bone-marrow, spleen, lymph-nodes, and gastro-intestinal mucosa
of man, and may be found under various pathological conditions, especially in hyperplasia and the new
formation of fibrous tissue. It is believed by many observers that plasma cells are direct derivatives
of the small mononuclear lymphocytes, and that when these gather in the tissue by emigration, they
may cither undergo degeneration and destruction, or, on the other hand, they may become connective-
tissue cells and share as fibroblasts in the formation of fibrillar stroma. Other observers believe some
forms, at least, of plasma cells to be simply fibroblasts which have assumed a spheroid form. The
origin and significance of ** plasma cells’’ are not yet altogether clear, and we must refer to larger works
for further data. See **Critical Summary of Recent Literature,” by Williams, American Journal of the
Medical Sciences, vol. exix., p. 702, 1900, also “*Plasma Cells in Liver,” Porcile, Ziegler's Beitr., Bd.
xxxvi., p. 375, 1904.
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The formation of new connective-tissue cells may be large or it may
be limited to the production of a single pair of cells; the stroma may be
scanty or abundant, loose or dense; the process is essentially the same,
namely, the division of cells by mitosis, and the formation by them, or
under their influence, of more or less fibrillar stroma. This process, it
will be seen, is practically identical with the formation of fibrous tissue
in the embryo.

But here, as elsewhere, the character and extent of new tissue pro-
duction are largely influenced by the environment, and particularly by
the nutritive supply, so that the formation of new connective tissue in
any considerable amount is closely linked to the development of blood-
vessels.

Regeneration of Endothelium.—The regeneration of endothelium,
which seems to be closely related to that of connective tissue, takes place
readily. The new cells advance over denuded surfaces in a manner
similar to that in epithelial repair. Whether the new cells always origi-
nate in the old neighboring endothelium or may be more directly derived
from fibroblasts is not yet fully determined.

The Formation of Blood-Vessels.—The formation of blood-vessels in
post-embryonic life is believed always to start in a budding or sprouting

F1G. 48.—DEVELOPING BLOOD-VESSELS IN NEW-FORMED TIssUvE.

of the endothelial cells of pre-existing capillarics. The sprouts, directed
outward from the endothelia of the capillaries, consist at first of buds,
then of slender, conical, or filiform projections of cytoplasmic substance
(Fig. 48). Now the cytoplasm of the cell from which the sprout springs
may increase in amount and its nuclei divide by mitosis, so that the base
of the sprout may consist of a multinuclear mass of cytoplasm or of a
cluster of new-formed cells. The sprouts may extend for a long distance
into the surrounding region, whether this be alrcady organized tissue
in which the vessels are increasing in number or unorganized lifeless
material like blood-clot, which is to be replaced by new living structures.
If a similar process be in progress in neighboring vessels, the sprouts may
unite at their extremities, forming a slender solid protoplasmic bridge



76 PROGRESSIVE TISSUE CHANGES

from vessel to vessel. The sprouts now become thickened and gradually
channelled out at the base by pressure of the blood in the vessel from
which they spring. The blood enters these lengthening channels,
forcing its way along them, forming a lumen as it goes. Simultaneously
with this advance of the lumen, new nuclei are formed by division of the
old along the sides of the vessel, and the new structure gradually assumes
a distinctly cellular and vascular character. At length the channel is
complete; the new vessels have well-defined endothelial walls and
connective-tissue cells from without, or new connective-tissue cells
which have been formed about the nuclei of the protoplasmic sprout,
range themselves outside along the walls. So the new vessel takes its
place in the vascular system of the part. Thus, in a short time, many
new blood-vessels may form, furnishing nutritive centres about which
the organization of tissue proceeds.

In the new formation of arteries it is believed that the smooth-muscle
tissue is formed by a growth along the developing vessel from a pre-
existing artery.

The Formation of Lymph-Vessels.—The formation of lymph channels
in granulation tissue takes place in the same way as that of blood-
vessels, the process being initiated by the formation of buds from the
endothelium of existing vessels which push their way out into the new
tissue, gradually acquiring lumina and forming anastomoses with other
trunks.

Regeneration of Cartilage and Bone.—Ncw cartilage may form by
the proliferation either of connective-tissue cells or, to a slight extent,
of cartilage cells, and the formation about the new cells of the character-
istic basement substance. It is the connective-tissue cells of the peri-
chondrium from which especially new cartilage is formed.

The new formation of bone under pathological conditions is not
brought about by the bone cells, but by the devclopment, first, from the
cells of the periosteum or of the marrow, of a cellular connective tissue,
or from the perichondrium of a form of hyaline cartilage. From these
tissues, by processes essentially similar to those in the embryonic develop-
ment, the new bone is formed under the influence of osteoblasts (see
p. 876).

The regeneration of bone marrow takes place through the activities
of the characteristic marrow cells together with those of the blood-
vessels and cells of the connective tissue and osteoblastic type.!

Regeneration of Lymph-Nodes.—Regeneration of lymph-nodes may
take place after partial removal. This appears to be more complete
in the carlier years of life.  After extirpation of lymph-nodes it has been
shown experimentally that new nodes may form. These Bayer believes
develop from fat tissue. Further studies are needed in the regeneration
of lymph-nodes and the relationship of these and lymphatic tissue to
fat and other forms of connective tissue.’

! For studies on the regeneration of bone marrow, see Haasler, Arch. f. klin. Chir., Bd. ., p. 75 1895,
and Enderlen, Deutsch. Zeits. f. Chirurg., Bd. lii, p. 293, 1899.

? (‘onsult for bibl. of regeneration of lymph-nodes and lymph-vessels, Meyer, Johns Hopkins Hosp.
Bull.,, vol. xvii., p. 185, 1906.
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Regeneration of Fat Tissue.—Fat tissuc is formed by the accumula-
tion of fat droplets in the cells of various types of connective tissue,
particularly in the young or embryonic forms; but adult connective tissue
may change into fat tissue by a similar process. The repair of fat tissue
takes place by the formation of young fibrous tissue, whose cells and
stroma gradually assume the type of fat tissue. The cells of regenera-
ting fat tissue are at first more or less spheroidal, and remnants of the
cytoplasm may be seen as more or less crescentic masses pressed to one
side by the accumulating fat (Fig. 49). New fat tissue which replaces
atrophied organs or parts of organs, such as kidney, heart, lymph-nodes,
ete., is formed in the same way.!

F16. 49.—REGENERATION OF FaT Tisstk.

The new-formed fat cells show a rim of cytoplasm containing the nucleus, which has been crowded
to the sides of the cells by the accumulating fat.

Regeneration of Blood.—The formation of lcucocytes appears to
occur chiefly in the masses of lymphoid and myeloid tissue which are so
widely scattered in the body in the lymph-nodes, in the spleen, and in
the bone-marrow. The polynuclear leucocytes are formed in the bone-
marrow, but their development may be completed in the circulating
blood. Both mitotic and amitotic cell division are to be observed in
the new formation of leucocytes, but the exact relationship between
the new cells produced in these two ways, and their respective destinies,
are not yet very clear. Regeneration of red blood cells seems to occur
in the bone-marrow and probably in the spleen and hemolymph-nodes
through mitotic division of nucleated forms. The latter may, under
pathological conditions, appear in the vessels in varying numbers (sce
Part I1., Chapter 1.).?

TRANSPLANTATION OF TISSUE.

Transplantation of various types of tissue has been frequently at-
tempted, and is, on both theoretical and practical grounds, of con-
siderable interest. Transplantations have been successfully made from

1 For a study of regeneration, inflammation, etc., in fat tissue sce Kraus, Zeits. f. Heilkunde, Bd.
xxvii., p. 243, 1908.

? For a general and extended study upon tissue regenerntion see Marchand, Die Wundheilung, Leip-
zig, 1901.
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one part of the individual to another—autoplastic—or from another
individual of the same species—heteroplastic.

A variety of general conditions favor successful transfer. The
tissue to be transplanted must be alive and in good condition; young
tissues are more readily transferred than old; the site to which the
transfer is made must be adapted to the growth of the graft. A great
difference is observed in the success of transplantation of various types
of tissue. Thus, the epithelium of the skin and various forms of con-
nective tissue may be, under favorable conditions, readily transplanted,
and produce new tissue of similar type. Thus, deeply implanted
epidermal tissue may grow and produce considerable new tissue, especially
in the form of cysts resembling either simple or complex dermoid cysts.
Experimental transplantation of various gland and other special forms
of tissue, such as portions of the kidney, liver, sebaceous, salivary and
mammary glands, testicles, ovary, periosteum, bone, and cartilage,
show that there may be at first, if the conditions be favorable, a slight
proliferation of the transplanted tissue cells. Together with this growth
in the better-nourished parts of the tissue grafts there is apt to be a
more or less extensive necrosis of other portions. But the proliferative
activitics of transplanted gland tissue are, as a rule, not permanent;
they presently cease and sooner or later these tissues, with necrotic
portions of the grafts, are absorbed.

Transplantation of epidermis for practical purposes has become a
part of surgery, aiding in the repair of surface losses of skin. The graft
properly implanted upon the granulating surface becomes closely
attached by the growth into it of new connective-tissue cells and blood-
vessels. The old connective tissue of the graft, as well as most of the
epithelium, especially the superficial layers, usually dies and is cast off
or absorbed, while new epithelium formed from the remaining cells
makes its way over the granulating surfaces.

In transplantations of bone the grafts seem to furnish a nidus into
which, hand-in-hand with its absorption, new bone grows under the
influence of osteoblasts of the old periosteum, but does not itself appa-
ently share in the new production of bone tissue.

Portions of the thyroid gland and of the ovary have been successfully
transplanted.!

Carrel has found that heteroplastic transplantations of whole organs—
kidney, splecen, leg, segments of blood-vessels, etc.—in animals may be
successfully accomplished if through accurate vascular anastomoses the
circulation can be re-established, and other relationships of the parts—
nerves, ducts, etc.—be properly restored.?

1 For study of transplantation of thyroid see Payr, Arch. f. klin. Chir., Bd. 80, 1908.

2 For a summary of observations on tissue transplantation see Ribbert, ‘‘ Allg. Pathologie,”” 1905,
p. 297. See also, for transplantation of organs, Nichols, ‘‘ Third Report of the Croft Cancer Commis-
sion,” Jour. Med. Res., vol. xiii., p. 221, 1905. For transplantation of human ovaries see Cramer,
Minch. Med. Wochenschr., Sept. 25th, 1906. See also, for transplantation of organs and blood-
vessels, Carrel and Gwhrie, ** Surgery, Gynecology and Obstetrics,” vol. ii., p. 266, 1906; Jour. Am.
Med. Assoc., Nov. 25th, 1905; Am. Jour. Med. Sci., Feb., 1906; Science, Mar. 9th, 1906, and April 13th,

1908; Carrel, Jour. Exp. Med., vol. x., p. 98, 1908; vol xii., 139, 146, 1910; Guthrie, Jour. Exp.
Med. xii, 269, 1910.
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The Impulse to Cell Regeneration.

While we can thus summarize the differing capacities of the body-
cells for regeneration; while we know many of the general conditions
under which the impulse to cell proliferation and growth is manifested;
while, further, we have learned something of the delicate mechanism
through which division is controlled and effected, at the end we must
acknowledge that we do not know why cells divide. We may say that
it is due to a chemical or a mechanical stimulus, and it certainly may be
associated with both; or that increased nutrition favors, while innutrition
retards cell multiplication; we may cite direct or remote injury, or talk
of the inhibition of organic control, disturbed tissue equilibrium, dimin-
ished pressure, reversion, etec., but when all is said we are forced to recur
to some unknown factor in the inherited constitution of the cell which
determines the measure and character of its response to the most varied
influences.

The hypothesis of Ribbert, in accordance with which the capacities
of cells to proliferate and grow, so manifest in embryonic life, are held
in restraint in the normal adult body by a subtle correlation of cells and
tissue, is most suggestive in this connection. When this mutual relation-
ship is disturbed, as is the case under many of the conditions in which
regeneration takes place, the cells, in the conception of Ribbert, are
freed from certain, at least, of their organic restraints. These restraining
conditions he calls “tissue tension,” meaning thereby, however, some-
thing more complex and subtle than simple physical tension. Thus,
free to exert their primitive capacities, formerly held in restraint by the
environment, we can conceive how cells proliferate and new tissues are
formed in the regenerative processes without assuming the acquirement
of any new capacities and without the assumption of vague and special
stimuli.!

According to this conception, then, the regenerative processes lead-
ing to the formation of new cells and tissues are not brought into play
by stimuli furnished by injuries—the so-called “formative stimuli”
of an earlier time. But new cells and tissues form as the result of the
releasc of inherent capacities of cells normally held in restraint after
the developmental period, by their associations as parts of an organism.
Thus, when conditions of nutrition, pressure, organic association, pos-
sibly of protoplasmic continuity or of nerve correlation, are disturbed,
for example, through trauma, poisons, degenerations, prolonged hyper-
#mia, and various other vascular and nutritive cellular disturbances,
the leash of organic control is loosened, and the primitive capacities
of the cells arc temporarily free to act. But, as wc have seen, this

1 For a résumé of Ribbert’s hypothesis and its applications to regeneration, hypertrophy, etc., see
Ribbert, ** Aligemeine Pathologie,” 2d Ed., 1905; also references under *Origin of Tumors,” p. 351.
For a criticism of Ribbert's views see Adami's ‘' Pathology,” vol i., p. 537, et seq.

See also, for summary of a new phase of research and interpretation in the nature of the * forma-
tive stimulus'’ involved in artificially induced cell division and artificial parthenogenesis, Loeb, *‘ Studies
in General Physiology,” p. 253. For general bibliography of regeneration, compensatory hypertropby,
ete., see Aschoff, Lubarsch and Ostertag’s Ergebnisse, Jahrg. v. for 1898, p. 22. For a full considera-

tion of the subjects dealt with in this chapter consult the general pathology ‘ Les Processus Généraux"
of Chant, and Podwyssotsky, 1901.
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resumption of an abeyant potency in the ordinary processes of repair
is not limitless and, sooner or later, the old controlling relationships
of organic associations are re-established and the reparative activities
cease.!

In a later chapter we shall see, in discussing tumors, how a more
complete and lasting emancipation of certain cells, from the restraints
imposed by organic association, may possibly lead to most significant
and baleful consequences in the formation of malignant tumors (see
p. 350).

Finally, while we have set forth somewhat at length the conceptions
of Ribbert, elaborating an original hypothesis of Weigert, there are so
many evidences, especially clear in lower forms of life, of the direct
incitement of cells to overgrowth and proliferation by various physical
and chemical agencies, under conditions in which the potencies of the
so-called tissue tension cannot properly be invoked, that the assumption
of direct external stimuli to regenerative cell activities in many cases
seems fully justified.

1 For a consideration of the bearing of this hypothesis on compensatory hypertrophy, see Ribbert,
** Lehrbuch der allg. Pathologie,” 1905, p. 315.




CHAPTER V.
INFLAMMATION.

General Considerations.

The conception of inflammation was originally a clinical one in which
the process was marked by special symptoms—redness, heat, swelling,
pain, and impaired function. This conception was gradually enlarged
to embrace the new formation of tissue which might be associated with
or follow these symptoms, or which might be independent of them.
After the knowledge of the importance of the cell became general it
was upon the formation and accumulation of cells and other substances
that attention was especially fixed. Finally, the processes and structural
alterations embraced in the conception of inflammation became so
varied and complex that a definition or even a characterization seemed
not only difficult, but wellnigh impossible.

It is only within the past decade or two that the processes and lesions
involved in inflammation have been seriously considered in the light of
comparative pathology and as biological problems divorced for purposes
of research from the dominance of traditional clinical conceptions. In
view of our increased knowledge of the structure of cells and of the im-
pulses immediate and hereditary which determine their performances, it
seems possible now to resolve the complex processes and lesions embraced
in the general notion of inflammation into more simple factors, and to
arrive, if not at an exact definition, at least at a reasonable conception
of the relationship of its phenomena to each other, to those of normal
physiology, and to other phases of disease.

With this end in view it seems wise at first to rehearse as simply and
briefly as is practicable some of the more typical of the phenomena and
lesions which are commonly grouped under the term inflammation.

While the death of tissue from trauma, and degenerative alterations
in the tissues in the presence of various forms of poisons are often impor-
tant factors in the inflammatory processes, we shall not consider them
separately here, because they are incidental rather than inherent and
have already been treated in the section on Degenerations and Necrosis.
But it should be noted that various phases of albuminous degeneration,
local or general, which are induced by the poisons of the pathogenic
bacteria, are very often associated with inflammation, and not infre-
quently modify, or may even determine, its occurrence.

A comprehensive survey of the conditions under which inflammation
most frequently takes place shows at once that it is almost always asso-
ciated with some form of injurv. This may be direct trauma, or exces-
sive heat or cold. It may be poisons of various kinds—f{rom the cruder
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inorganic poisons inducing immediate and gross tissue destruction to the
subtle toxic substances which result from the metabolism of micro-
organisms or from the aberrant metabolism or degeneration of the body-
cells themselves. Decad cells or tissues or foreign substances of many
kinds within the body are common incitants of the inflammatory processes

Let us now look at some of the ways in which the living body re-
sponds to injury, and first at an injury which is very slight and simple.

Types of the Inflammatory Reaction of the Body to Injury.

Injury to Non-vascular Tissue.—If a small clean cut be made in
living fibrillar connective tissue, not involving blood-vessels, and affecting
only the cells and fibres in the vicinity of the incision, and if the sides
of the wound be immediately placed and held together, the resulting
changes which lead to the complete restitution of the part are compar-
atively simple. A small quan-
tity of fluid which oozes from
the tissue spaces sticks the sides
of the cut together. Such con-
nective-tissue cells as have been
seriously injured, ecspecially if
the nuclei have suffered, die and
i disintegrate; and these, together

with such tissue fragments as

may be present, are removed by
- ~ = - - . phagocytes or through autolysis
- T T0 T 3 and absorption. But cells whose
Fi6. 50.—HEALING OF A WOUND OF THE CORNEA. nuclei have remained intact,
Without involvement of blood-vessels a few new  whether directly upon the inci-
connective-tissue cells have formed along the line of . o e, s . e s .
slight injury (incision), and the sides of the wound ~ SIOD OT IN 1tS immediate vicinity,
ot w80 el bocome larger and more granu.
surface. lar, may divide by mitosis, ex-
tend their bodies or processes
across the plane of incision, bridging this at intervals with living pro-
toplasm. Under the influence of these cells, new intercellular fibres
are formed, which in a short time bind the sides of the wound firmly
together (Fig. 50). Thus, with but the slightest amount of tissue
destruction, and with no involvement of the blood-vessels, a simple
mechanical injury may be made good. This form of reaction to injury
of living tissue is known to the surgeons as healing by * first intgntion.”
The mode of healing does not essentially differ if there be a slight injury
to the blood-vessels.

In injury to a non-vascular part, like the cornea, for example, the
primary reaction to the damage manifested by the fixed connective-tissue
cells is often complicated by the wandering in of leucocytes from the
conjunctival blood-vessels in the manner indicated in the next section.
This participation of distant blood-vessels and leucocytes is, no doubt,
incited by a reflex stimulation of the nerves of the blood-vessels, and may
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be fostered under certain conditions by the absorption of injurious sub-
stances which are carried to the nearest blood-vessels by the lymphatics.
Thus it is that in injuries to the cornea, a non-vascular part, the lesion
is often complicated by the secondary participation of the adjacent
blood-vessels.

Injury to Vascular Tissue.—Let us now look at the effect on a vascular
tissue of an injury not immediately destructive. For this purpose the
mesentery of the bladder of a curarized frog, drawn out upon a suitable
plate ! upon the stage of the microscope and kept moist by irrigation with
three-fourths-per-cent. salt solution, affords a succession of most instruc-
tive pictures. The mechanical disturbance of the organs exposed,
desiccation, and a variety of other physical and chemical vicissitudes to
which they are subjected, are sufficiently damaging to incite a complex
train of responses on the part of the living tissues.

In studying the circulation of the blood in small vessels under the
microscope it should be remembered that, while the walls of these vessels
are made up of living tissuc and are capable of responses by movement
or by structural change to external agencies, whether applied directly or
through the nerves, they are also elastic pipes through which fluid flosw,
and that both pipes and fluid are subject to the laws of mechanics.
These mechanical laws are often modified in expression, it is true, by
the subtle energies which living tissues wicld, but, as Thoma more than
any other has shown, they are not to be ignored. by the serious student
of the living body, either in health or disease.

In the bladder or mesentery of the frog the arteries and veins with
their connecting system of capillaries are clearly seen. When the cur-
rent is rapid the cells of the blood in the arteries and veins are gathered
into a red axial mass in which the separate cells may not be distinguish-
able, owing to their crowding and the rapid flow. Outside of this, against
the walls, is a clear marginal zone in which a leucocyte is occasionally
visible. If for any reason the rate of flow be considerably diminished,
the leucocytes, which are specifically lighter than the red cells, gather in
the marginal zone. If the current become very slow or be arrested, the
marginal zone disappears and the red and white cells intermingle.?

Soon after the exposure of the bladder or mesentery the tissues be-
come hyperzmic. The arteries, veins, and capillaries dilate, and the
blood, encountering less resistance from the walls, flows more rapidly
through them. This increased rapidity of the blood current does not,
however, last long, although the vessel still remains dilated. After a
variable period, owing, it is believed, to changes in the endothelia of
the vessels, the blood meets with so much resistance that it flows more
slowly than under normal conditions. Temporary or even permanent
stasis may occur in some of the vessels, but this is not a constant nor a
characteristic occurrence. White blood cells—leucocytes—now begin
to accumulate along the inner walls of the veins and to become fixed

1 See description of Thoma's frog-plate, p. 111. '

2 This distribution of the blood is almost, if not wholly, mechanical, and may be simulated in glass
tubes with a fluid in which lifeless particles of different specific gravities are suspended. The particles
of the lesser specific gravity assume, when the flow is established, the peripheral portion of the stream.
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there, so that after a time the whole inner surface of the veins may be
more or less thickly sprinkled, and even closely crowded, with adherent
leucocytes. These may either lie firmly against the endothelium or be
dragged slowly along by the current of blood sweeping past them.
Some are dragged by the blood current into pyriform shapes, showing
that they are adherent at a small point only, and thus they may be
detached from the wall and rejoin the circulating blood. They may by
amceboid movement crawl slowly along the interior of the wall, even
against the current. In the capillaries, also, a similar comportment
of the leucocytes may be seen.

After a time, which varies considerably—in the bladder sometimes
within an hour after its exposure; in the mesentery usually later—some
of the leucocytes commence to make their way slowly through the walls
of the veins and capillaries. At first a little shining knob appears on

n T Qe g

F16. 51.—EMIGRATION OF LEUCOCYTES FROM THE BLOOD-VESSELS OF TRE MESENTERY OF THE FROG.

Some of the leucocytes are clinging to the interior of the vessels; some are passing through the
walls; some are wandering away through the tissue spaces. There has been diapedesis of a few red
blood cells.

the outside of the wall opposite to the cell which is sticking within, and
this outer portion grows larger as the part still within grows smaller,
until at length the entire cell is outside of the vessel. The cell now may
immediately detach itself and wander off in the tissue spaces, or it may
remain for some time attached to the outside of the wall (Fig. 51). This
passage of the leucocytes through the walls of the capillaries and veins—
it does not occur in the arteries—is called emigration. The emigrating
cells are largely the polynuclear leucocytes, but mononuclear forms—
lymphocytes—and eosinophiles may also pass out of the vessels.

The cells pass between the endothelia through the cement substance,
which apparently is in some way changed in the inflammatory process.
They may pass through very rapidly, but usually their progress is slow
and often interrupted, so that cells may be seen motionless for a long
time in various stages of progress through the walls. A half minute, or
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even less, may suffice for their passage, or they may be hours about it.
Thus, after a variable time, if the conditions have been favorable, the
tissues immediately around the capillaries and veins, and even those
somewhat remote from them, may be more or less densely erowded with
leucocytes, some motionless and in the spheroidal form, others moving
about through the tissue spaces (Fig. 52). Leucocytes may pass out of
the tissues on to free surfaces of the inflamed part, or they may wander
into the lymph-vessels and so re-enter the circulation.

It is probable that the emigration of the leucoeytes is due in part to
a sort of filtration process with which the pressure of the blood within
the vessels is concerned, and also to capillary attraction at the point of
emergence. But the inherent contractility of the cells themselves forms,

F16. 52.—EXUDATIVE INFLAMMATION IN THE WALL OF THE APPENDIX VERMIFORMIS.

Showing extravasated leucocytes in the vicinity of the blood-vessels, with a*dema of the surrounding
connective tissue.

doubtless, a very important factor. That in most cases chemataris plays
a significant part in directing the course of the leucocytes scems to be
well established, and it is largely to this agency that the gathering of
leucocytes is due in the vicinity of the deleterious substances which
incite inflammation.

In regard to chemotaxis it should be said in brief that the direction
of locomotion in protoplasm may be determined by chemical substances
in the vicinity. This is the case not only in the lower forms of life, ax in
certain bacteria and protozoa, but also in such cells of higher organisms
as have retained a certain independence of locomotion, for example, in
the leucocytes and certain cells of the connective tissue.  To this form of
response to external agencies the name chemotaris has been applied.  In
some cases the effect of chemical agents in the environment is not to
attract, but to repel, protoplasm. This has been called negative chemo-
tarts. Chemotaxis and certain allied responses to outside influences
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have been found to play an important réle in health as well as in some
forms of disease, and have been the subject of much careful study.*

If we return now to our observation of the living mesentery it will be
found that while emigration of leucocytes is going on, the red blood cells,
although for the most part carried along as usual in the current of the
veins and through the capillaries, still often find their way in small, and
sometimes in very large, numbers into the surrounding tissues. They
are, it is believed, carried passively through the cement substance
between the endothelia by minute streams of fluid which under these
conditions are flowing in abnormal quantities through the walls. This
extravasation of the red blood cells is called diapedesis. It appears to
follow the emigration of the leucocytes, which secems in some fashion to
prepare the way for the more mechanical exit of the red cells.

By this time it will usually be found that the tissue around the vessels
is somewhat swollen and more succulent than normal, and fluid may be
poured out on the free surface. The fluid which thus gathers is called
serum. It is similar to the simple non-inflammatory transudates,
except that it is richer in proteids and is mixed with cells. This serum
has passed out of the blood-vessels along with the blood cells, and, as its
composition differs somewhat from that of blood plasma, it is evident
that it has undergone a change as it passed. The way in which this
alteration in the composition of the blood plasma occurs as it passes
through the walls of the vessels and becomes
the serum of exudation, we do not under-
stand. But it is probably due to metabolic
processes in the endothelial cells by which
what has been called a “selective filtration”
is secured.

The fluid exudate contains fibrinogenous
substance, and from this, when the condi-
tions are favorable, fibrin may be formed
(Fig. 53) by a change similar to that which
occurs in the coagulation of the blood. The
leucocytes which wander into the tissue spaces outside the vessels may
encounter conditions inimical to life, from innutrition or from the pres-
ence of deleterious substances, and thus these and other cells furnish,
as they die and disintegrate, the fibrin ferment essential to coagulation.
Clusters of fibrin fibrils may thus often be seen surrounding dead and
disintegrating cells (see Fig. 54).?

If at this time the exposed bladder or mesentery of the frog be
restored to the abdominal cavity and the animal placed under favorable
conditions, the reaction of the vessels and cells to the unusual environ-
ment may, if the injury have not been too severe, gradually subside.

Fi1G. 53.—FIBRIN IN INFLAMMATORY
EXUDATE.

1 For a fuller consideration of chemotaxis, with bibliography, consult Davenport, ‘‘ Experimental
Morphology,” Part I., p. 32 ef seq. For the forms of lcucocytes which emigrate under various condi-
tions see Adler, A. Jacobi's Festachrift, 1900, p. 309.

? For a discussion of the relationship of fibrin formation to cells which may furnish a substance
inducing coagulation see Hauser, Virch. Arch., Bd. cliv., p. 335, 1898; also Arnold, Cbl. f. Path., Bd.
x., p. 313, 1899.
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The circulation is then re-established, the serum is absorbed, the leuco-
cytes which have not come out upon the surface or died in the tissue
spaces may re-enter the lymphatics. Fibrin, if this have been formed,
and red blood cells which have escaped from the circulation are dis-
posed of under the influence of ferments which leucocytes furnish (sce
p- 105), or may be carried off by the wandering leucocytes; or, as is not
infrequently the case, blood pigment resulting from the reduction of
the h@moglobin which leaves the red blood cells by osmosis may remain
for some time, in situ, as the only mark of an earlier active inflammatory
process.

F16. 54.—F1BRIN FORMING AROUND DEAD CELL8 IN THE INTERsSTICES OF TIssvE.

Thus in the living animal' we can learn by direct observation the
way in which the serum, fibrin, and red and white blood cells get into
tissues and upon free surfaces in certain forms of injury involving the
blood-vesscls. :

We can see also by this experimental observation just what the
factors are which induce the so-called ‘cardinal symptoms” of inflam-
mation—the redness and heat due to hyperemia; the swelling to accu-
mulation of exudate; the pain to pressure on the nerves; and the impaired
function to the disturbances of nutrition to which all of these factors
contribute. The materials gathering in or upon the tissues under these
conditions are called exudates, and this phase of inflammation is com-
monly called exudative inflammation.

Hand-in-hand with these changes, which are directly associated with
lesions of the blood-vessels, there occur alterations of the cells of the
affected part, which are not readily observed in the experimental animal,
especially of the connective-tissue cells. These may suffer regressive
changes—albuminous or fatty degeneration or necrosis; or, on the other
hand, they may undergo progressive changes. The bodies may swell;

1 Thoma has shown by similar studies on warm-blooded animals that the reaction to injury is in
them essentially similar to that in the frog.
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mitosis occurs; and they may divide. This may take place in the
cells of the fibrillar connective tissue and in the endothelium of the
blood- and lymph-vessels. The new-formed cells may detach themselves
from their original site and join the leucocytes as wandering cells. If
there are small islets of lymphoid tissue, such as are widely scattered
through the body (see p. 481), these may show hyperplasia, and appear
as clusters of small spheroidal cells with large deeply staining nuclei and
a small amount of cytoplasm. These clusters of small cells resembling
lymphocytes are especially noticeable in the vicinity of the lymph
channels near small blood-vessels.

Let us now look at the effect upon a living vascular tissue of injury
inflicted in a different way.

Injury from Micro-organisms.—Suppose we inject into the ear vein
of a rabbit a small amount of a pure culture of a well-known and very
common micro-organism, Streptococcus pyogenes. Little masses of the
living germ will enter the heart and be driven out again through the
arteries in whose smaller twiglets or in the capillaries some of them will
lodge as emboli. Here in the living tissues the bacteria may find good
nutrient conditions and begin to proliferate, increasing so rapidly in

number that they may distend

the vessels in which they lie. If

after twenty-four hours the ani-

mal be killed, and one examine

the organs in which the bacterial

emboli have caught and grown

—in the liver, for example—he

finds small blood-vessels here

and there distended with bac-

teria. But the parenchyma and

interstitial tissue about them

appear to be intact (Fig. 53).

If, however, the animal be

allowed to live longer—say two

or three days—before the ex-

amination, the condition of the

F16. 55.—BACTERIAL EMBOLUS IN THE LIVER. tissue about the growing bacte-
e b zrown n & mor within he rial mass in the typical course of
appear unchanged. events shows marked and signi-
ficant alteration. Immediately

around the bacteria the nuclei fail to take the nuclear stains (Fig. 56);
the cytoplasm is unusually granular or fallen into fragments. These are
the marks of cell death, and from the situation of this area of dead tissue
about the colony of growing bacteria we may infer—and the inference
is confirmed by a host of tests and observations—that, in growing, the
bacteria have sct free in the tissue about them some chemical substance
wl ose presence is incompatible with the continuance of the life proc-

3 in the liver cells, which, in fact, has killed them.

But very soon the tissues near by show a different sort of reaction to

W ST TR
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this active poison set free upon the spot. Leucocytes gather on the
borders of the necrotic area and may form a dense ensheathing mass
about it (Fig. 57). If we look for the origin of these, we find that close
outside the area of dead tissue and among the gathered leucocytes the
smaller blood-vessels are dilated, overfilled with blood, and such marks
of the emigration of leucocytes as a tissue removed from the animal and
prepared for examination may show arc unmistakable. Not infre-
quently extravasated red blood

cells and fibrin and a distention

of the tissue spaces with fluid

still further characterize the

process as exudative inflamma-

tion.

It was observed in the ex-
posed mesentery or bladder of
the frog that the leucocytes,
once outside the vessels, wan-
dered off in various directions in
the tissues, some to the surface,
some to the lymph-vessels, and
some far from the veins or
capillaries from which they
emerged. Not so here. The

FiG. 56.—BACTERIAL EMBoOLUS IN THE LIVER, WITH
extravascular leucocytes gather NECROSIS.
close in the border zone of the  The bacteria are still largely confined to the vessel,
necrotic arca or enter it. And iL® ey ar outside | There s sone of necroti
we may usually see in the outer
parts of such an area of dead tissue scattered leucocytes which are
themselves undergoing changes indicating the death of the cell. They
too have encountered the poison set frec by the growing bacteria.

The changes which have just been described as the result of experi-
ment in the animal are practically identical with those occurring in man
as the result of accidental inoculation.

If the process continue, one may find on later examination that the
dead-tissue mass has softened through the action of proteolytic enzymes
developed on the spot (sce p. 105), the bacteria are scattered, and the
whole central portion may be occupied by a grayish or yellowish gru-
mous or fluid mass of dead cells, cell detritus, albuminous and fatty
granules, bacteria and leucocytes in various stages of necrosis and

- disintegration.

Such a localized result of exudative inflammation with death and
disintegration of tissue is called an abscess; the material which it contains
is called pus. For a more detailed consideration of suppuration and the
characters of pus sce p. 198.*

The changes by which, if the animal survive the formation of abscess,
the active processes arc brought to a standstill and repair is effected, we

1 For a résumé of forms of exudate cells, with bibl., see Helly, Ziegler's Beitr. z. Path. Anat., Bd.
xxxvii., p. 171, 1905.
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need not now follow. But it concerns us here to appreciate that this is
a type of one of the most important phases of the inflammatory process;
a phase in which a poison produced in the body by the metabolism of
micro-organisms incites a complex train of active and passive tissue
changes.

Instead of forming abscesses with softening of the tissue, the pus
cells and other exudates may be distributed diffusely through the inter-
stices of the tissues, forming a so-called purulent infiltration.

F16. 57.—NECROSI8 AND SUPPURATION IN THE LIVER FROM BACTERIAL INFECTION—EXUDATIVE AND
NECROTIC INFLAMMATION.

The bacteria are scattered in masses, the liver cells about them are necrotic, while leucocytes have
gathered in large numbers within the necrotic area. With slight further disintegration this mass of
dead liver tissue and pus cells would form an abscess.

A narrow canal leading to a focus or area of inflammation is called a
fistula.

In our study of illustrative phases of inflammation we now turn to
the processes by which repair of injured tissues, after more or less involve-
ment in the inflammatory phenomena, is brought about.

Resolution in Inflammation.—In many cases of exudative inflamma-
tion, after the subsidence of the active changes in the blood-vessels,
the exudates are entirely though often very slowly absorbed, and the
tissue returns to its normal condition; this is called resolution.

If many new connective-tissue cells have becn formed, these may
produce fibrils and thus a certain amount of new tissuc may develop,
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compromising the blood and lymph circulation, so that for a long time
the site of the inflammation may be swollen and hard.

Under certain conditions, on the other hand—for example, in the case
of a wound with loss of substance, or in an acute exudative inflamma-
tion of a serous membrane in which the surface is deprived of its normal
mesothelial' covering, or in the healing of an abscess—a considerable
amount of new tissue may be produced through the agency of old cells
or of new cells formed in the inflammatory process.

We will now consider the way in which repair of a wound or injury
with loss of tissue is effected.

The Healing of Wounds.

The way in which new inflammatory tissues are formed may be best
understood by following the process of healing in a wound with loss of
substance—for example, in a wound through the skin or a mucous mem-
brane into the tissue beneath. At first there may be hamorrhage.

F1a. 58.—GRANULATION TissUvE.

From a healing abdominal wound. Early stage with very thin-walled blood-vessels, leucocytes,
and young connective-tissue cells. There are few intercellular fibrils.

After this has ceased, the injury to the tissue, the unusual exposure of
deep-seated parts, the presence of foreign substances, ete., may induce
the same series of events which we have scen occurring in exudative
inflammation with production of serum, fibrin, and pus. The blood-
vessels dilate, the circulation becomes slower, serum transudes, and
emigration sets in. Certain of the cells and fragments of intercellular

1 The morphological resemblance of the flat cells covering the surfaces of the great serous’cavities—
peritoneal, pleural, and pericardial—to the endothelium of the blood- and lymph-vessels has led to
their being also called endothelium. But their genesis as well as certain physiological capacities which
they still retain, render more fitting the name mesothelium. See reference to Minot in footnote
on p. 377.
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substance near the seat of injury may die, and in time are cast off or are
disintegrated or dissolved and absorbed or otherwise disposed of by
phagocytes (see p. 98). " The tissue may become soaked and swollen
by the transuded serum, and the connective-tissue cells in the vicinity
may undergo proliferative or degenerative changes.

Granulation Tissue.—After a variable time, usually on the second or
third day if all goes well, the surfaces of the wound may be more or less
covered with tiny red nodules called granulations. These granulations
contain numerous thin-walled blood-vessels which have sprouted out
from the old vessels near the seat of injury, and around these a new

F16. 59.—GRANULATION TisstE FROM WOUND OF SKIN.
The walls of the blood-vessels are thicker, and intercellular fibrils are forming.

loose, succulent tissue is formed, largely, it is believed, from proliferation
of connective-tissue cells. This is called granulation tissue (Fig. 58).
On the surface of the granulations are usually pus cells in varying
quantity, or the granulations may be more or less covered with dried
cxudate. The way in which the new blood-vessels form by proto-
plasmic¢ sprouts from the old, and the manner in which connective
tissue develops from older connective-tissue cells, have been already
described in the section on Regeneration. Let it suffice here to say that
the cells of the granulation tissue are at first mostly small and spheroidal
or polyhedral, and are usually packed closcly together with only a
small amount of fluid interccllular substance. Presently some of the
cells become larger and polyhedral, elongated, fusiform, or branched,
and after a while a delicate, fibrillar intercellular substance makes its
appearance about them and grows more and more abundant (Fig. 59).
These larger, variously shaped cells, which appear to be formed out of
the small spheroidal or indifferent cells of the granulation tissue, are
usually granular, and the nucleus is generally large and distinet. Some
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of these larger cells which seem to be more or less directly concerned in
the formation of intercellular fibers are called fibroblasts (Fig. 60).

As the granulation tissue grows, new, small spheroidal cells are
gathered by proliferation or by continued emigration. Some of these
participate in the formation of the granulation tissue, while others, not
finding conditions suitable for their further development, or even for
their continued existence, die and pass
off on the surface, together with some
transuded fluid, as pus.

The polynuclear leucocytes do not
apparently share in the formation of
new tissue. To what extent this new
tissue is derived from old connective-
tissue cells and cells of the endothelial
type—the macrophages of Metchnikoff
—or how largely it may come from F% 80, —FisronLasts or New Connecrive
emigrated lymphocytes, &Ssuming the  There are numerous new-formed intercellular
characters of “plasma cells” (see p. fibrils.

74), is not yet certain; but both
classes of cells appear to be actively concerned.

Cicatricial Tissue.—The new tissue gradually becomes more and more
dense, the intercellular substance more abundant, while the cells decrease
in number and become flatter and less conspicuous. The epithelium may
now grow over from the sides, forming by mitosis from the old epithe-
lium at the edges of the wound (Fig. 61), and finally cover the new

Fic. 61.—HEaLING WoUND IN THE ToNGUE oF A Doa.

There was loss of substance—muscle, fibrous tissue, and surface epithelium. The lost tissue has
been replaced by the vascular granulation tissue, which is oldest and most dense in the deeper portion,
while on the surface is a layer of tissue detritus, pus cells, etc., partly dried and forming a scab over the
granulations. New epithelium is pressing forward from the old at the edges over the surface of the new-
formed tissue.

vascular tissue. The new tissue, having at last undergone more or less
shrinkage, with atrophy of the blood-vesscls, consists of a dense, firm
mass composed largely of fibrillar basement substance with a few flat-
tened cells (Fig. 62); and with this, which is the cicatriz, the healing is
complete. The cicatricial tissue in its shrinkage, as it becomes more
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fibrillar and denser, often brings about considerable distortion of adjacent
parts.

Variations in the Healing Process.—Although in the production of new
tissue, in connection with or following exudative inflammation, essen-
tially the same processes arc involved in all cases, there are yet very

marked differences in the degree in

 —— - which the different factors share.

- - Thus the vascular and exudative

e —amwe——  phenomena may predominate and

. ' very large quantities of serum,

= ——===—— fibrin, or pus collect, while the

amount of new-formed tissuc may

F16. 62.—CicaTriciAL Tissve FRoM A HEaLED e . .

WoUND. be insignificant. The production

of a large amount of exudate,

particularly of pus cells—suppuration—usually marks the presence of

micro-organisms whose locally elaborated poisons complicate or retard
the healing process.

In other cases the formation of new tissue is the dominant feature,
and the production of exudates scems to be almost entirely subordinated
to this end.

The process of repair which is complicated by exudative inflammation

Fig. 63.—EXUBERANT GRANULATIONS.

From the inner surface of a granulating ovarian cyst containing pus. The tissue between the
new capillaries is ill-formed, edematous, and with few cells, most of which have undergone fatty
degeneration.

or effected only by the gradual formation of a considerable amount of
new tissue, is called by surgeons healing by “ second intention.”

The distinction between healing by first and second intention, which
is of practical importance in surgery, is, from the pathological stand-
point, only a quantitative one; for the restitution of the parts to the
healthy condition is in both cases brought about by exudation and prolif-
cration of cells usually under the influence of vascular changes, but in one
case the latter changes are very slight, in the other more or less extensive.
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There is much variation in the formation of granulation tissue. Thus,
sometimes the body cells respond but feebly to the unusual conditions,
and neither cell proliferation nor blood-vessel growth is active. On the
other hand, the development of blood-vessels may be excessive, while
other tissue formation lags. Under these conditions, loops and tangles
of thin-walled, contorted new vessels may project from the granulating
surface, while useful tissue formation remains in abeyance, or the new
cells undergo fatty or other forms of degeneration (Fig. 63). The result
of this disproportionate growth of ill-formed blood-vessels is the exuber-
ant granulations (* proud flesh”’) which the surgeon frequently removes
from unhealthy healing surfaces.!

F1G. 64.—REGENERATION OF EPITHELIUM OVER SUPERFICIAL WOUND oF CORNEA— RABBIT.
The new epithelium has been formed in excess.

Cavities formed by abscesses or by necrosis in any part of the body
may be filled up and their sides drawn together in a cicatrix, by the for-
mation of a provisional mass of granulation tissue similar in character to
that which grows in external wounds. So, similarly, cysts may be obliter-
ated and ulcers partially filled and drawn into cicatricial healing. Large
free surfaces, like the pleura and the peritoncum, may, through the
intervention of granulation tissue, pass from the denuded condition
of an active exudative inflammation, either with or without adhesions,
into a condition which, though by no means a return to the normal, we
yet designate as repair.

The so-called organization of a thrombus in a blood-vessel is brought
about by processes practically identical with those which have just been
described in the formation of new tissue in reparative inflammation in
an external wound. The endothelial cells of the vessels and the con-
nective-tissue cells in their walls proliferate, new blood-vessels develop
by sprouts from the already existing smaller vessels in their walls or
close about them. The new cells and new blood-vessels thus derived

1 For a special study of granulation tissue see Reinbach, Ziegler's Beitr., Bd. xxx., p. 102, 1901.
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gradually penetrate the clot, forming new connective tissue, which
replaces step by step the fibrin and blood which are gradually softened
by autolysis and absorbed or removed by phagocytes.

The part which the thrombus plays in its so-called organization is
thus a wholly passive one. It acts only as a temporary supporting
texture for the development of the new tissue derived from other sources
which step by step replaces it.

In the processes of repair by the formation of new tissues, the latter
are often developed in excess, the overproduction after a time ceasing,
when the normal condition is restored. Thus, if the epithelium be
scraped from a small area on the front of the cornea the new epithelium
which covers the injury is often heaped up in excess (see Fig. 64).

L]

Hyperplasia and Interstitial Inflammation.

Hyperplasia of the fibrous interstitial tissue of the internal organs
and other parts of the body—as, for example, in the liver, kidney, heart,
nervous system, etc.—is of frequent occurrence and is usually associated
with changes in the parenchyma. In some cases the formation of fibrous
tissue clearly follows evident and often acute inflammatory processes
and bears the same relation to antecedent reaction to injury that the
cicatrix in a healing wound does to the granulation tissue from which it is
formed. In other cases it is associated with long-continued hyperemia—
chronic congestion—of the organ involved. Again, gradual hyperplasia
of the interstitial tissue takes place by the slow increase of cells and
stroma, without evidence of an active cell proliferation or marked involve-
ment of the blood-vessels. Finally, hyperplasia of the interstitial
tissue may be and probably usually is secondary to damage to or atrophy
of the parenchyma, as in the spinal cord after degeneration in nerve
tracts or in the heart after damage to the muscle fibres; in the liver and
kidney in connection with atrophy of the specific epithelial cells. In
such cases it is often spoken of as replacement hyperplasia. These forms
of fibrous-tissue hyperplasia will be considered with more detail in the
sections dealing with the special lesions of the viscera. They have all
been usually regarded as marks of inflammation. Some of them unques-
tionably are so; concerning others, doubt will continue until our knowl-
edge as to their excitants considerably increases. In the mean time
the term fibrosis is sometimes applied to the results of fibrous-tissue
hyperplasia, though this is still most commonly included among the
inflammatory processes.!

Those important phases of inflammation which are due to damage
from special forms of micro-organisms will be considered in detail in the
chapter of this book devoted to the Infectious Discases.

1 For a suggestive and interesting consideration of the relationship between inflammation and
various forms of *‘ fibrosis'’ see Adami, Middleton Goldsmith Lectures, Medical Record, March 14th and
21st and April 4th and 11th, 1896.
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Special Phases of Inflammation.

The several phases of the inflammatory process, which we have now
considered, are fairly typical of the reaction of the living body to various
forms and degrees of injury. If we look at them together and seck to
gather their dominant features, we find that the changes, varied as they
are in character as well as in degree, are mostly of three kinds: first,
those involving a greater or less amount of degeneration or necrosis; sec-
ond, those involving local disturbances of the circulation, as well as
alterations in the distribution and character of the fluid and cellular
elements of the blood—exudative changes; and third, regenerative, produc-
tive, or reparative changes.

Of these three groups of alterations in inflammation those involving
the blood-vessels and their contents are, in a clinical sense, most striking
and characteristic, and to many seem to dominate the inflammatory
processes. But in fact all are closely associated. The various phases of
inflammation depend upon the nature and extent of the injury, the
inherent reactive vigor of the cells, and the character and position of
the tissue involved.

Special names have been attached to various forms of the inflamma-
tory process, descriptive of the feature which from the particular stand-
point of the observer secms most striking or important. Some of the
names are descriptive of clinical symptoms, some express the duration
or character or situation of the lesion, some seck to imply more or less
well-founded views of the nature of the process. Thus among the forms
of exudative inflammation, those in which the extravasated serous fluid
is the most marked feature are often named serous inflammations. If
fibrin predominate, it is called fibrinous; if associated with much blood
extravasation, it is termed hamorrhagic. When the agencies are present
which induce the necessary vascular changes and promote the emigration
and gathering, and often the destruction, of leucocytes in considerable
or large numbers, we have a suppurative or purulent inflammation. 1If
much tissue death be associated with the process, it is named necrotic
inflammation.

Again, if certain mucous membranes or mucous glands be subjected
to the inciting agencies, they may respond by an overproduction of
mucus as well as by an increase of death of cells; this is mucous or catar-
rhal inflammation. In inflammation of the mucous membranes fibrin
intermingled with other exudate sometimes forms more or less well-
defined and often tough pellicles or membranes upon the surface. This
is called pseudo-membranous inflammation. Finally, these various
forms of exudate may be produced simultaneously, whence arisc such
compound designations as sero-purulent, muco-purulent, etc., inflamma-
tion. Inflammation with the formation of new tissue is called pro-
ductive or reparative.

Local inflammation, especially when incited by micro-organisms, is
often associated with systemic infection due to a distribution of the

7
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agents through the body. This condition will be considered in
pter dealing with the Infectious Diseases (see page 197).
ummation, especially of infective origin, is so frequently asso-
vith degencrative changes in the more highly organized cells—
senchyma cells—of organs that when these are conspicuously
1 the term parenchymatous inflammation has been used. It is
however, to hold the degenerations apart and consider them as
cd but not identical with the inflammatory processes. Similarly
m inlerstitial inflammation, though very commonly employed,
s a comparatively rare occurrence. That which is embraced
1e term is usually an interstitial hyperplasia secondary to damage
arenchyma cells of organs (see p. 96).

as seemed wise to many to attempt to draw a sharp distinction
1 those phases of inflammation which involve only the degener-
tissues or the redistribution of already formed tissue elements—
fibrin, and blood—and those phases which are productive or
ive. But while this attempt aims at the recognition of a biologi-
inction of fundamental importance, it encounters the great prac-
ficulty that both phases of the reaction of tissues to injury, the
ve and the productive, occur together, so that none of the named
of inflammation represent simple and unmixed forms of tissue
1. The important thing is to conceive, as clearly as our knowl-
rrmits, the nature of the processes which underlie these various
tations of disturbed cell function and their associated tissue
ons. Then the names may serve useful temporary ends at least
implying too much or concealing too little knowledge.

he Disposal of Foreign and Dead Substances in the Body—
Phagocytosis—Autolysis.

as stated at the beginning of this chapter that the injuries which
inflammation are extremely varied. The degree and character
esulting inflammation are closely related to the inciting agents.
c already taken as general examples of the inflammatory response
y, one in which there was a simple mechanical damage, and the
1 which a more extensive and prolonged injury was effected by
sence of living bacteria.

le it is not practicable to classify the various phases of inflam-
according to the character of their incitants it is convenient to
r by themselves the effects of animal and of vegetable parasites,
the latter especially the bacteria. In subsequent chapters,
he headings of Animal Parasites and of Infectious Diseases, we
udy the special phases of injury induced by these agents and
onse which the living cells and tissues of the body make to their
e.
there are many forms of injury to cells and tissues which, though
xtensive and striking as those which we have thus far considered
preliminary survey of inflammation, are yet of great frequency
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and importance. One of these we must now consider, namely, the
presence in the body of foreign substances and of dead portions of the
body itsclf. Here again, as in so many instances, we shall come upon
physiological proccsses spurred to unusual activity by emergency
demands upon them.

The Forms and Origin of Foreign and Dead Substances.—Under the
conditions of normal life, as the tissues grow and perform their functions,
worn-out cells die; as bone grows it is absorbed little by little to make
room for the remodeling and growth of the larger structure; more or
less constantly, floating matter in the air we breathe gathers in the respi-
ratory organs. Under all of these conditions the dead cells, the hard bone,
the foreign particles, are disposed of by certain lowly organized cells,
leucocytes, lymphocytes, connective-tissue cells, endothelium and
mesothelium, which are called phagocytes.

On the other hand, there arc many conditions under which foreign
material abnormal in quantity and character is formed in or enters the
body and must be disposed of. Thus organic pigments in the form of
irregular particles or crystals are formed in the body, such as blood and
bile pigment. Many foreign substances in finely divided form in large
quantities enter from without, especially in the respired air, such as coal,
iron, stone, smoke, and various kinds of organic dust. In various ways
larger bodies, slivers of wood, particles of metal, bullets, and, in injuries
or during surgical operations, fragments of clothing, ligatures, sutures,
fragments of sponge, cotton, gauze, jute, etc., may remain as foreign
substances doing more or less harm and inciting in various degrees the
phenomena of inflammation. These, too, the phagocytes dispose of.

Finally, as the result of the greatest variety of injuries which lead to
the necrosis of cells and tissues, such as mechanical damage, the action
of corrosive poisons, excessive heat or cold, disturbances of circulation,
various toxins, etc., the dead structures themselves become harmful to
the living tissues about them, which respond in various ways to their
presence, among others by certain forms of inflammation.

Let us see how the body cells and tissues comport themselves in the
presence of alien substances and dead structures.

Disposal of Foreign Substances.—One of the simplest and most com-
mon of the phenomena of this class is seen in the disposal of pigment and
other solid particles, whether introduced from without or formed within
the body under various abnormal conditions.' In breathing dusty air,
whether of badly cleaned dwellings, places of business or assemblage, or
by those engaged in occupations involving the loading of the air with
the dust of coal, smoke, iron, stone, tobacco, lint, hair, etc., in the aggre-
gate large numbers of the dust particles enter the respiratory passages.
Here sooner or later they are taken up by cells—phagocytes—and if
the particles are colored they may be seen lying within the cytoplasm
" surrounding, but not within, the nucleus (Fig. 65). These cells may
be the epithelium of the respiratory passages or of the air chambers of

1 For a study of the removal of alien substances from the peritoneal cavity see Buzton and Torrey
Jour. Med. Res., vol. xv., p. 5, 1906.
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the lungs, or leucocytes which have wandered out upon the surfaces.
Then a large part of the foreign particles, if these be not too numerous,
are carried either on the lymph currents or more frequently within cells
into the lymph channels, along which they make their way to the nearest
system of lymph-nodes or -nodules or to the smaller areas of lymphatic
tissue which are widely distributed in the lungs as well as elsewhere in
- the body (see p. 481). In these
islets of lymphatic tissue or in the
lymph-nodes of the lung the foreign
particles both within and without the
cells are deposited and may remain

for an indefinite period.
But the tissues in which they are

R deposited are not indifferent to the
presence of any considerable accumu-

% lation of these alien substances.
W The connective tissue and endothelial

cells swell and proliferate and new
fibrils are formed enclosing the foreign
. material which may lic within the
Fia. 65.—PHAGOCYTES. cells which brought them or be taken
The upper cell is epithelial from the lining  up by the new-formed or old connec-
of the air vesicles of the lungs. The pigment R . . .
which it has irg sted is cosl dust from the tive-tissue cells or lie free in the
air. The lower cells are leucocytes. Onehas jnterstices of the fibrils. Thus in the
taken in cocci, the other bacilli.
lymph-nodes and along the lymph
channels masses of dense fibrous tissuec may be formed, shutting in the
foreign material and compromising in varying degrees, sometimes com-
pletely destroying, the involved structures (sce p. 485).

Similarly bacteria, which are also foreign bodies, may be taken up by
phagoceytes (Fig. 65) and destroyed within them by agencies presently
to be considered.

If a mass of forein particles be placed bencath the skin, or if at the
seat of a hemorrhage insoluble blood pigment is formed in considerable
amount, a similar process may he observed. The pigment is more or
less taken up by leucoceytes or other phagoceytic cells which have wan-
dered in. A certain amount of fluid exudate may collect. New cells are
formed from the old connective-tissue cells and from endothelium, and
new fibrillar stroma is formed which becomes dense and assumes the
character of cicatricial tissue. In these changes the new-formed cells,
as well as the leucocytes, are capable of moving from place to place,
that is, may become wandering cells.  We have then, in this relatively
simple response to a small local injury, the presence of fine foreign
particles, a definite form of inflammation. This is marked, not by the
phagocytosis, but by the presence of leucocytes and a certain amount of
fluid exudate, by the formation of new cells, and the production of new
tissue.

When the alien material out of place in the living tissue is in the
form of a loosc-textured mass, such as sponge, fabrics, jute, catgut, ete.,

~/_
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or is a blood-clot, its interstices become filled with fluid exuded from
adjacent blood-vessels, with leucocytes which wander in, and with new
connective-tissue cells derived from the surrounding parts and from
the endothelium of neighboring lymph-vessels. Slender blood-vessels

F1G. 66.—GIaNT CELLS.

The giant cells are at the border of a layer of granulation tissue formed about a mass of dead
fibrous tissue which is being absorbed.

form from the old ones near by and penctrate the mass, and new con-
nective tissue is developed, having the type of granulation tissuc at
first, then becoming denser. If the foreign substances are capable of
solution, as is the case in the fibrin and cells of a blood-clot or of catgut,

F16. 67.—FRAGMENT OF SPONGE IN A HEALING WoUND.—THREE WEEKS.

The sponge trabecul® are not dissolved in the new-formed fibrous tissue, which has completely
enclosed them.

proteolytic enzymes!® furnished by the leucocytes or other cells may

dissolve them; or they become fragmented and the fragments are taken

up by phagocytic cells. These may be dissolved within these cells or

may be transported to other parts of the body. Thus in the case of
! See Wells, p. 103,
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soluble material this may at length be entirely removed and its place
taken by the new tissue which gradually assumes the character of
cicatricial tissue.

If the foreign substance be insoluble or largely so, as in the case of
bullets, needles, hair, cotton, sponge, ctc., the new cells gather about
the objects; there arc often giant cells among them (Fig. 66), and new
blood-vessels develop among these, leading to the formation of new
connective tissue which may completely invest them (Fig. 67), forming
at last a dense connective-tissue capsule. In this conditionsuch foreign
objects may remain for long periods embedded in the body. If the

F1G. 68.—GIANT CELLS AND NEW-FORMED F1BROUS TI88UE AROUND A FOREIGN BoDY—CoTTON FI1BRES.
This is a so-called *‘ foreign-body tubercle.”

masses of foreign bodies are small, so that the local reaction is limited
and circumscribed, the new tissue often in a general way resembles a
tubercle (Fig. 68). Thus these new foreign-body tissue masses are
sometimes called “foreign-body tubercles.”

Giant Cells.—When foreign objects of considerable size—such as
hair, cotton fibres, sponges, and various more solid things—get into the
living body, particularly if these be insoluble, in addition to the leuco-
cytes and the new connective-tissue cells, there often form close about
them large multinuclear cells called giant cells (Fig. 69). These are
sometimes of extraordinary size and may have several score, even
hundreds, of nuclei. They are apparently formed cither by the coales-
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cence of new-formed cells derived from the connective-tissue cells or
from old endothelium, or by the continuous division of the nuclei of a
cell whose body continues to enlarge without dividing into scparate
cells.! These giant cells seem to be concerned in the attempt to dis-
solve the foreign substance and appear to have their prototypes in the
multinuclear cells called osteoclasts (Fig. 70) wheh are concerned in the
physiological absorption of bone during its development.

The Disposal of Dead Tissues.—The changes which we have now
studied, through which alien substances are either removed from the
body or are rendered relatively harmless by processes which we must
regard as belonging to inflammation, are similar to those by which the
body responds to the injury of dead portions of its own tissue.

JRITY

Fi16. 69.—GiaNT CeLLs FORMED AROUND FOREIGN BopIiEs—(oTTON FIBRES.
From a wound delayed in healing on account of the cotton fibres left in the dressing.

Thus, infarcts resulting from emboli, areas of tissue which have
become necrotic from poisons or toxins, thrombi or masses of fibrinous
exudate in the solid tissues or in the great serous cavities, are all virtu-
ally alien substances, and are harmful in various ways as foreign bodies
are, and incite similar inflammatory phenomena. They may be in part
removed by solution through the proteolytic enzymes,® or by phago-
cytosis; they may attract leucocytes (Fig. 71); they may lead to the
proliferation of connective tissue and endothelial cells and of - blood-
vessels which penetrate them and form new tissue which finally replaces
or encapsulates them. The so-called organization of a thrombus or of a
pleural or pericardial or peritoneal exudate is not, as we have already scen,
directly brought about by the aid of the structural or other elements in
either the thrombus or the exudate. These are passive, except as they
may aid in their own solution by autolytic substances which they furnish,
while the new tissue is formed from neighboring cells and vessels.

Forms of Phagocytes.—There appear to be two most common forms
of phagocytes in foci of acute exudative inflammations. First, and

1 Giant cells may be formed from epithelium under certain conditions. For a study of giant cells,
with bibliography, consult Hektoen, Jour. Exp. Med., vol. iii., p. 21; Fuerst, Ziegler's Beitrige, Bd.
XXiv., p. 440;: and Burton, ‘* Studies from Department of Pathology, Corncll University,” vol. i.

2 See Wells, Jour. Med. Research, vol. xv., p. 149, 1908, bibl.
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usually the most abundant, arc the polymorphonuclear leucocytes—
the cells containing neutrophile granules which so readily escape from
injured vessels. The other type of the two more common phagoeytic
cells is usually larger than the polymorphonuclears and has a single,

F1a. 70.—OsTeOoCLASTS DissoLVING BONE LAMELLAE.
From a case of rarefying osteitis.

. relatively large, rounded or irregular shaped nucleus. These mono-
nuclear phagocytes of the second type are probably derived from con-
nective tissue or endothelial and mesothelial cells or from lymphocytes,
and have been called by Metchnikoff macrophages, while the smaller
polymorphonuclear phagocytes are called microphages.

F16. 71.—FRAGMENTS OF NECROTIC MUSCLE IN PROCESS OF ABSORPTION UNDER THE ACTION OF
PHAGOCYTES.

While the performances of these two types of cells are not fully under-
stood, it appears that the macrophages are especially concerned in the
disposal of various proteid and other formed elements which they ingest,
such as fragments of fibrin and tissue detritus, dead parenchyma cells
of organs, red and white blood cells, etc.
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On the other hand, the polymorphonuclear leucocytes—microphages
—are drawn to and ingest and destroy various kinds of micro-organisms,
especially the bacteria.t

While we have thus far considered certain special cells, leucocytes,
lymphocytes, and derivations of conncctive-tissue and endothelial cells,
as the most common phagocytic cells in inflammation and repair of
tissues, we should not lose sight of the fact that other types of cells are
also capable of assuming this réle. Thus the epithelium of the mucous
membranes of the air vesicles of the lungs, of the liver, kidney, and other
organs, frequently and under the most varied conditions ingest particles
of foreign material. :

The Mode of Action of Phagocytes.—As to the processes by which the
phagocytic cells convert into soluble and other forms the substances
which they ingest there is still some difference of opinion, though the
so-called intracellular digestion and the autodigestion of tissues have
been the subject of much painstaking research.

Recent studies by Opie? indicate that each of the two types of
phagocytes above designated is characterized by a distinet proteolytic
enzyme through which its destruction of organic substances is effected.
The enzyme of the polymorphonuclear leucocytes is capable of proteo-
lytic digestion in the presence of a neutral or alkaline reaction, but not
in an acid medium. This enzyme Opie calls leuco-protease. The larger
mononuclear cells, on the other hand, the “macrophages” or ‘“macro-
cytes,” which appear to be especially concerned with the ingestion and
destruction of cellular and other formed elements, contain an enzyme
active in the presence of a weak acid, but inactive in an alkaline, medium.
This enzyme is called lympho-protease by Opie.

Blood serum, according to Opie, inhibits the action of leuco-protease,
and lympho-protease is not active in an alkaline medium. Hence, the
living tissues of the body are not digested by the leuco-protease, which is
active only within the bodies of the microcytes, where it is free from the
inhibiting action of the serum, while the alkalinity of the blood plasma
protects the tissues from the action of the lympho-protease. It is
apparently the action of these proteolytic ferments, present in consider-
able quantities either within or without the cells or both, in foci of exu-
dative inflammation, which leads to the softening of tissue which char-
acterizes abscesses and which, in part at least, brings about the more
gradual solution of necrotic tissues, fibrin, ete.®

The action of micro-organisms, especially the bacteria, as incitants
of inflammation through the injury which they cause, and the ways in
which the body reacts to and disposes of them, through the action of
phagocytes or otherwise, will be considered later under the heading of
Infectious Discases.*

1 For a consideration of the ways in which bacterin are destroyed by leucocytes, see pp. 161 and
178. See also ref. to Buxton and Torrey, foot-note, p. 99.

2 Opfte, Jour. Exper. Medicine, vol. viii.,, 1906, pp. 410 and 536.

3 See ref. Wells, p. 103; also ref. to Levene, ‘* Autolysis,’” p. 107.

4 For a consideration of Ehrlich’s hypothesis as to the way in which bacteria are destroyed in the
body see p. 176.
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It should be borne in mind, in considering the varied and complex
performances of phagocytic cells under abnormal conditions, that these
are only the manifestation in exaggerated form in the presence of emer-
gencies of physiological capacities of many kinds of cells. To Metchnikoff
especially we owe our knowledge of the phagocytic powers of cells in
general. In such lowly organisms as amaeba and in many other cells
throughout the animal kingdom he has shown that through ingestion and
intracellular digestion cells not only are nourished but protect them-
selves against harmful agents and influences.!

Autolysis.—All the manifestations of cell life are brought about by
the breaking down or disintegration of chemical substances in the cyto-
plasm by processes akin to those of combustion. It has long been
believed that this was exclusively a property of living matter. But it
has recently become known that dead cells also under certain conditions
have the power of self-disintegration. This is called autolysis. It
takes place in the absence of micro-organisms through the action of
which organic material is decomposed in the commoner processes of
putrefaction. Thus portions of fresh organs removed from the body
with the avoidance of bacterial contamination, that is, in a sterile con-
dition, if immersed in chloroform water, or toluol, or other substances
which do not cause alterations of the tissue but do prevent the growth
of micro-organisms, and kept at about body temperature, undergo
gradual softening. This softening is accompanied by definite struc-
tural changes in the cells. The nuclear chromatin disintegrates or goes
into solution; the cytoplasm degenerates, chemical analysis showing
products of the disintegration of proteid substances. The changes are
analogous with those taking place in organic material, cells, etec., under
the influence of the digestive enzymes, pepsin and trypsin, but are due
not to these but to other enzymes belonging to the cells themselves (see
p- 105.)

It appears, for reasons into which we cannot enter here, that the
proteolytic enzymes active in the autolysis of dead tissues are present in
the living body and are probably concerned among other things in the
gradual removal of dead and enfecbled structures as these become
defective, useless, or harmful. -It has been shown that the vigorous,
living cells, in spite of their autolytic powers, probably maintain their
integrity through the presence in the body-fluids of sulstances antago-
nistic to the autolytic enzymes. Thus it appears that under normal
conditions a very nice balance exists between the autolytic enzymes

ronistic substances within the body. Under a variety of
conditions, such as discascs of the respiratory and cireulatory
hosphorus poisoning, and, as has been shown by Flexner,? in
diseases, autolysis may be in a marked degree exalted.

robable that the autolytic substances in the living body are
not only in disposing of damaged or dead or harmful tissues,

*hnikoff, **Comparative Pathology of Inflammation,” English trans., 1893; and ‘* Immu-
re Diseases,” 1905. Consult also p. 196.
Trans. Assn. Amer. Phys., vol. xviii., p. 359, 1903.
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but also in the protection of the body against invading micro-organisms
through their destruction—see immunity and bacteriolysis, pages 160
and 173 or by their share in the elaboration of substances which an-
tagonize the action of their toxins—see antitoxins, page 163.!

Survey of the Inflammatory Process and its Significance.

Inflammation a Modification of Physiological Processes. — If now,
from the vantage-ground which we have won by our study of various
typical phases of inflammation, we seek to gain an insight into the
forces which dominate the varied processes, we note at once that from
first to last the cell and tissue performances in inflammation, however
exaggerated or perverted, are only the expression of physiological
capacities which belong to the structures involved. Thus the contrac-
tions and dilatations of the vessels are paralleled in health. The exuding
of fluids through their walls occurs by processes akin to those by which
blood pressure, osmosis, and selective filtration in endothelial cells main-
tain the initial circulation into and through the tissue spaces. Emigra-
tion is a physiological process which we find excessive here, because there
are structural alterations in the walls of the vessels which permit a freer
exit of the cells, and because there are also present new and active
chemical agents which, just as in normal conditions though in exagger-
ated fashion, excite and control the movement and direction of the leuco-
cytes. The healing processes, complex as they seem to be, are actually
but a rehearsal under the unusual and often difficult conditions of cell and
tissue formation, which is characteristic of the normal period of develop-
ment. Phagocytosis is a factor of the greatest importance in the normal
as well as in these abnormal performances of the body cells.

The degencrative phenomena, among which must be reckoned the
formation of fibrin, are, as we have seen, incidental rather than primary
factors in inflammation.

Thus in all the manifold manifestations of abnormal cell performance
in inflammation we find no new functions, no new cell capacities.

The Significance of Inflammation.—We are now brought face to face
with the final question: What does inflammation mcan?

In those phases which involve the repair of wounds and the regener-
ation of lost tissues it is not difficult to recognize conservative and bene-
ficial processcs. But how is it with those phases of inflammation in
which the blood-vessels are largely involved and exudates formed—
serum, fibrin, and pus? Are we to be contented here with a simple
summary of the phenomena and with the recognition that these are the
results of exaggerated or physiological cell and tissue performances in
the face of injury? Or, on the other hand, is there reason for the belief
that these abnormal manifestations of cell life in the presence of an
unusual and deleterious environment may, after all, be in the main con-

1 For an interesting résumé of autolysis with bibl. see Levene, Jour. Amer. Med. Assn., vol. xlvi,
pp- 774 and 866,1908. For a fuller consideration of the subjects dealt with in this chapter consult the
general pathology, ‘‘Les Processus Généraux'' of Chantemesse and Podwyssotsky, 1901, or Wells,
** Chemical Pathology,’" 1907.
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servative in their nature, and, even as normal cell functions do, tend—
within the limitations of an emergency—to the welfare of the individual?

The Role of the Exudates.—In the hope of gaining some light upon this
question let us look a little more closely at the part which the exudates
play in exudative inflammation; and first at the leucocytes.

The Leucocytes.—It was through the painstaking and brilliant studies
of Metchnikoff ! that attention was directed to the importance in this
connection of comparative studies upon the comportment of lower forms
of life in response to injury.

It was found that amceba, one of the simplest of organisms, when cut
in two may undergo complete restitution of the part containing the
nucleus, provided the latter be uninjured. The remaining portion may
live for a time, but ultimately dies. Furthermore, it was found that
amceba and other lowly forms of living beings are capable, by the use of
their simple digestive processes, of destroying micro-organisms which are
taken into their interior and which might otherwise damage or kill them.
Thus it was established that the digestive mechanism may become pro-
tective in lowly organized cells.

Rising in the scale of living beings, it is found that in forms in which
considerable differentiation of some of the cells has taken place, whether
there be a distinet circulatory apparatus or not, certain other cells are
left in a more primitive state: these are phagocytic and can ingest or
otherwise destroy deleterious material.

When we come to man and other warm-blooded animals, it is upon
the leucocytes which have retained so many of the capacities of undiffer-
entiated protoplasm that attention is especially concentrated. It has
been found, as we have already scen, that the movement of lecucocytes
may be directed toward (sometimes from) chemical substances set free
in their vicinity. This chemotaxis is frequently manifested in the
vicinity of dead cells or tissues which are the seat of destructive metab-
olism. But it is especially in relation to micro-organisms of various
forms that chemotaxis in the leucocytes is of the highest significance to
us here.

Highly virulent micro-organisms may for a time repel the leucocytes,
probably through negative chemotaxis, but these may later approach.
On the other hand, leucocytes most often migrate toward bacteria
which have gained entrance to the body. It has been proven that
leucocytes, especially the polynuclear neutrophiles, and frequently large
mononuclecar forms, may take into their interior and destroy living
bacteria. Dead bacteria also, as well as other inert material, they can
engulf and destroy.

The Body Fluids.—This capacity of leucocytes and other mesodermal
cells—endothelia, etc.—to take up living bacteria and kill and digest
them was persistently and ably urged by Metchnikoff and his pupils as
the chief protective agency in the body against bacterial incursions, and
to these obscrvers all the other phenomena of inflammation formerly
seemed of secondary importance. But it was soon shown that this ex-

1 Metchnikoff, ** Comparative Pathology of Inflammation,” Eng. trans., 1893.
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treme view is not correct. For it was demonstrated by many observers
that the body fluids, especially blood serum, are capable of killing
bacteria with which they come in contact. When, however, this remark-
able quality of the body fluids was investigated, it was found that it is
most pronounced under conditions which involve the breaking-down of
leucocytes or the liberation of the destructive substances into the fluids.
It was possible now to demonstrate that the leucocytes do, infact, contain
a germicidal proteid substance or substances. These substances, which
appear to be closcly associated with or related to nucleinic acid, have
been called “alexines’ or “ protective proteids.”! It has been further
demonstrated that while the eosinophile cells may move toward bacteria,
they arc not phagocytic, but may set free granules which appear to favor
the destruction of the germs.

It thus appears that the earlier view of the almost exclusive impor-
tance of phagocytosis is not sustained, but that even more than in the
action of living phagocytes the protective agencies are to be sought in
the body fluids. But it is also clear that the protective capacities of the
body fluids are the result of cell activities, as indced might have been
inferred in advance of the long line of careful experiments which finally
led to the demonstration.

The importance of this protective power of the body cells and body
fluids is not exhausted with their germicidal action. For not less sig-
nificant is the réle which these may assume in the establishment of other
phases of immunity to the incursion of micro-organisms. This will be con-
sidered later in the general survey of the infectious maladies (page 160).

If now one seck for ways in which the other exudates, scrum, and
fibrin may be useful to the individual, it is obvious that in the dilution
of locally engendered poisons and in their removal from a vulnerable
region the fluild may at times be beneficial. Fibrin, too, by closing
inflammatory foci, through temporary adhesions, or by the scaling of
absorbent surfaces, may limit the extension of injurious agents, as is so
frequently the case in local infectious injuries in the peritaneal and
pleural cavities. That the regeneration and repair of tissue which may
be associated with or follow the more active phases of inflammation are,
as a rule, beneficent, is not doubtful,

There is, of course, another side to the matter. For new cicatricial
tissues which have formed in the process of repair may be so situated as
to cause serious impairment of functional performance or even fatal
strictures. The gathering of leucocytes, too, may be so excessive and
their proliferation so extreme as to lead to delayed healing or to serious
exhaustion from suppuration. But notwithstanding these irregularities
and failures there seems to be good reason for the belief that, on the whole,
the processes involved in inflammation are conservative, and, within the
limitations which may be set by the varied and changing conditions of
injury, tend to maintain the welfare and sustain the life of the individual.

1 For further consideration of this subject see p. 160.
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CHARACTERIZATION OF THE INFLAMMATORY PROCESS.

The general conception of inflammation which we have just set forth
looks beyond the gross manifestations of disordered function and altered
structure, by which it was originally marked, and beyond the complex
and varied expressions of aberrant cell activities, with which our later
science has mostly dealt, to the fundamental qualities of living substance.
And thus at last, with the heart of the subject in view, a characterization
of inflammation becomes possible which is suggestive and useful, though
it may not indeed be final. Perhaps among many such characterizations,
that of Adami! is on the whole the most clear and precise, and with him
we may at present wisely consider inflammation as “ the local attempt at
the repair of injury.” The fundamental conception upon which this
characterization is based is that inflammation is an emergency measure
incited by injury, in which the body adapts to unusual ends as best it can
mechanisms and powers normally maintained for other purposes.

This view of inflammation, however much it may be modified as our
knowledge grows, recognizes a far-reaching significance in the complex
processes involved. And while throwing light upon the practical prob-
lems of the physician, it points the way to a broader conception of other
abnormal conditions in which also the adaptation of physiological cell
capacitics to new conditions seems to furnish a clew to many manifesta-
tions of disease as yet but little understood.?

Now that we have gained a conception of the inflammatory processes
in general and some suggestions as to their significance, it does not seem
necessary to enter here upon a detailed description of the variations
which they present, since these are largely influenced by the character
of the inciting agents and by the situation in which they act. Such
details as may fall within the scope of this work are given in the section
dealing with micro-organisms as inciting factors in disease, and in the
part dealing with the lesions of special organs.®

The Experimental Study of Resorption of Foreign Material, Phagocytes, etc., in
tion.

Aside from clinical material illustrating the healing of wounds and various phases
of repair from the lower animals, by very simple operations, to be done with local or
general anzsthesia, one may obtain many valuable series of demonstrative lesions.

T For a fuller consideration of inflammation from the point of view which in general is here adopted,
one may consult the excellent article on ** Inflammation’ by Adami in Allbutt's ** System of Medicine,”’
vol. i., p. 54.

In Thoma's work on ‘‘General Pathology,” vol. i., is a clear exposition of the various processes
concerned in inflammation, with a fuller recognition than is commonly accorded to them of the mechani-
cal factors involved. In both of these works the more important bibliography may be found.

For bibliography and critical résumé of studies on pathological organization, inflammation, ete.,
see Borst, Lubarsch and Ostertag’s Ergebnisse, Jahrg. iv., for 1897, p. 461. See also references under
Regeneration, page 79, and under Tumors, page 351.

2 Consult, for a clear and comprehensive view of adaptatlon in pathological processes, Welch,
Transactions of the Congress of American Physicians, vol. iv., p. 284, 1897.

3 For a systematic and extensive résumé of inflammatory phenomena, phagocytosis, chemotaxns.
emigration, diapedesis, protoplasmic poisons and irritants, the nature of exudates, and the general
physical chemistry of the cell, with extensive bibl., see Heinz, ‘* Handbuch d. exp. Path. u. Pharmakol.,”
1904, Bd. i.
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PaacgocyTes.—The injection of 1 per cent. agar—such as is used for bacterial
cultures, which fluidifies at about 40° C. and becomes semisolid on cooling—into the
anterior chamber of the eye or into the subcutaneous tissue of the rabbit gives most
instructive pictures of absorption and phagocytosis. Phagocytes of connective-tissue
origin bring about the solution of the mass and permeate it. If the agar be colored with
Berlin blue in the form used for blood-vessel-injection masses, the phagocytes may
become more or less filled with the blue granules as absorption proceeds. In the
absorption from the anterior chamber in dark-colored rabbits the origin of the
phagocytes in the iris is revealed by their pigmented character. Giant cells are often
formed in this process, aiding in the resorption.

The action of phagocytes in disposing of foreign material in the lungs may be
seen by making intratracheal injections of a watery emulsion of lampblack or finely
powdered charcoal in rabbits. The pigment particles will be found both free and
within epithelial phagocytes in the air vesicles within a few days. The animal should
be sacrificed and the lungs filled with formalin solution or alcohol through the
trachea (see p. 1010), after which the tissue is embedded and sectioned.

Very instructive studies may be made of the disposal of insoluble foreign bodies
by the implanting of small fragments of cotton, jute, elder pith, ete., beneath the skin,
and their removal after varying intervals.!

Practical Study of Exudative Inflammation on the Living Frog.

In the study of exudative inflammation it is of the highest value to see the phe-
nomena of emigration, diapedesis, etc., on the living animal. The curarized frog is
best adapted for this purpose,? and either the mesentery or the bladder affords much
clearer pictures than the tongue or the web, which are sometimes recommended.

THE MESENTERY.—In a fully curarized frog an incision is made through the skin
along the abdomen in the axillary line, care being taken to avoid or ligate a large vein
which usuially crosses the line of incision. The abdominal wall is then cut through in
the same line, and a loop of small intestine drawn out, care being taken to bring out
only as much as may be necessary to expose over the glass window of Thoma’s frog
plate® (see Fig. 72) a small area of mesentery. The loop may be fixed by short pins
passed through the superficial layers of the intestine into strips of cork which are
crowded in beside the raised glass window. The exposed loop should be irrigated with
three-fourths-per-cent salt solution which may be made to trickle over the part from a
reservoir through a glass cannula held by the cannula-holder (see Fig. 72). Peristal-
tic movements of the intestine sometimes cause the field of observation to shift and
stasis may occur if the loop be drawn too tightly. But through a little attention to
adjustment from time to time difficulties may be reduced to a minimum. For long
observations a cover-glass may be laid upon the loop under which the irrigation
proceeds. ,

In this way observations may be made on arteries, capillaries, and veins, extending
over several hours. Long focal distance, high-power lenses may be used.

TrHE BLaDDER.—The bladder of the frog is a bilobed organ opening into a cloaca
just within the anus and common to it and the intestine. To expose the bladder an
incision is made in the axillary line along the lower half of the abdomen, including the
skin and the abdominal wall. The bladder frequently prolapses at once to a moderate
extent through thisopening. Now a glass cannula is made with a tapering tip with the

1 For a full exposition of methods of experimental pathology relating to inflammation see Heinz,
‘‘Handbuch d. exp. Path. u. Pharmak.,” Bd. i., Th. i., p. 255, 1904.

For many suggestive studies in phagocytosis see Melchnikof’s ‘ Immunity in Infectious Diseases.”
Consult, for the technique of studies on absorption from the peritoneum, Buzton and Torrey, Jour.
Med. Res., vol. xv., p. 5, 1906.

2 For the use of curare see p. 34.

2 Thoma's frog plates are of three forms, adapted for the study of the tongue, the mesentery, and
the bladder or lung. They are plates of brass covered with hard rubber in which glass windows are
set so that when put on the stage of the microscope the light passes up through the exposed organ to
the eye. They are provided with cannula-holders for irrigation with physiological salt solution and
with pipes for carrying away the waste irrigation fluid. The three forms of plate are shown in Fig. 72
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F16. 72.—THoMA'8s FROG PLATES.

The upper plate is adapted to the study of the circulation in the mesentery. The middle plate s for
the bladder and lung. The lower plate is for the tongue.
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tip for about half an inch bent to an angle of about 45° to the axis of the tube. The
tube should be large enough to pass the anal orifice with difficulty except at the tip
and along the bent portion.

A thread is now passed through the skin just behind the anus, the ends being
left free. The cannula and a short length of flexible rubber tubing slipped over the
larger end are filled with three-quarter-per-cent. salt solution, this being retained by
a clip on the tube. The bent point of the cannula is now inserted into the cloaca and
its tip carried forward into the base of the bladder and fastened in place by the thread.
The frog is laid on its back on the Thoma plate adapted to the bladder and lung (Fig.
72). Therubber tube is attached to a slightly raised flask so that the salt will siphon
into the bladder under a very low pressure. Now if the clip be released the bladder
will appear in the opening of the abdomen and will be pressed out as a transparent bag
by the salt solution over the glass window in the plate. Great care should be taken
to avoid more distention of the bladder than is necessary to keep it spread over the
glass, since the circulation is very easily disturbed or interrupted. A cover-glass may
be laid upon the bladder or held in place over and touching it by an upright attached
to the plate for this purpose, and irrigation with salt solution started and maintained.

If the circulation is compromised one should see that the base of the extruded
portion of bladder is not pressed upon by the abdominal walls; that it is not overfilled
and is not pressed too much by the cover. By attending to those points in a frog not
over-curarized one may maintain the circulation for hours. Since the wall of the blad-
der is very thin, consisting of little else than the almost invisible epithelial lining, a
membranous connective-tissue wall reinforced here and there by slender bundles of
smooth muscle cells, and the blood-vessels, one secures in this organ pictures of the
blood-vessels of incomparable clearness and may study the minutest phases of the
circulation and its disturbances, emigration, etc. The contraction of the muscle
bundles brings about occasional shifting of the field, but this is not usually a serious
drawback to continuous observation even with high-power lenses.

On the whole, though slightly more difficult to prepare, the bladder is to be pre-
ferred to the mesentry for studies on the minute phenomena of emigration, diapede-
sis, hemorrhage, etc., and it is admirably suited to the study of the local effect of drugs,
such as adrenalin, on the circulation.

In neither the mesentery nor the bladder is it necessary to injure the organ further
than is inevitable in the preliminary operation and exposure, in order to incite the
inflammatory phenomena in the vessels. In both organs the course of the emigrated
leucocytes may be followed through the interstices of the tissues after they have left
the vessels. It is most instructive after the observations on the living animal are
completed to pith or decapitate the frog, fill the bladder with a fixative such as Orth’s
fluid, in which the organ after ligating is placed, and finally to scrape off the epithe-
lium, stain with hematoxylin and eosin, and mount pieces of the wall in balsam for
study.

THE Luxe.—The circulation in the lung and various phases of its disturbance may
be studied on the living frog by the use of the Thoma plate especially adapted for the
bladder. The preliminary operation is made in the axillary line, the long incision
reaching forward to the axilla. A cannula tapering to one end so as to pass between
the folds of the glottis for five or six mm., but not to slip further in, is tied in place by
a thread through the snout of the curarized animal. A flexible rubber tube over the
free end of the cannula, which extends a couple of centimetres beyond the snout and is
controlled by a clip, enables one to blow into the lung and force it out through the
incision. The inflation should not be excessive and the base of the lung should not be
constricted. The animal is placed on its back upon the plate with the distended lung
over the glass window and irrigated in the manner above indicated for the bladder.
The picture of the circulatory districts of the single-sac lung with the blood shooting
through the rich capillary network and entering the veins is most juteresting and
impcrtant for one who would appreciate the significance of lung lesiuns involving, as
most ot them do, disturbances of the circulatory mechanism.



CHAPTER VI
ANIMAL PARASITES.

Protozoa.

General Characters of the Protozoa.—The protozoa are, with few
exceptions, unicellular animal organisms of a primitive type, reproducing
by division, by budding, and by spore formation. Some are very minute,
others many millimetres in diameter. Some of them seem to lie between
and to link the two great divisions of living beings somewhat arbitrarily
established—the animals and the plants.

While some of the protozoa are relatively simple in structure, others
are extremely complex. The life cycle, also, of some forms is simple,
while others, passing through sexual and asexual phases, present at
different periods the greatest diversity in form and function.

Some protozoa maintain an independent existence, others are para-
sitic for men. and animals. Among the parasitic forms are important
groups which require residence in the body of more than one animal
species for the completion of their life cycle. Many of the protozoa
possess organs of locomotion, pseudopodia, flagella, and cilia.

Our knowledge of the protozoa parasitic in man is of recent date,
but is accumulating with great rapidity especially as regards tropical
forms. Many forms are so difficult to study and to classify that for
the moment, in numerous instances, conjecture and a balancing of
probabilitics and analogies are made to do duty in lieu of facts.

Although not yet proven, it is widely believed that some if not all of
the exanthemata, yellow fever, and it may be hydrophobia, are probably
incited by some form of parasitic protozoa.

Modes of Transmission of Protozoan Parasites.—Some forms of pro-
tozoa are transmitted by confact, as in certain trypanosomes and the
syphilis organism; others are ingested with food and drink.

Congenital transmission of the syphilis organism is of frequent
occurrence.

So confident are many observers that small-pox and scarlatina are
incited by protozoan parasites, presumably by such as in the develop-
ment of their life eycle form minute spores, that they venture to assume
that in these discases, at least, the infective agent may be air-borne in
floating dust.

Finally, in many instances, infection takes place through trans-
mission by intermediale hosts. This is the case in malaria, yellow fever,
and with certain trypanosomes and sporozoa. In the transmission of
the malarial organism by the mosquito and in some trypanosomes,
important phases in the life cycle of the parasite take place in the body
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of the intermediate host. Other insects—ticks, bed-bugs, and leeches—
act as intermediaries, especially among the lower animals.

The Effects of Protozoan Parasites upon their host are in many cases
obvious, in many quite obscure. We shall consider some of these in the
brief review of species which follows.

Cultivation of Protozoa.—It has been found practicable to cultivate
artificially some forms of protozoa—amaeebas, trypanosomes—by modi-
fications of the methods so fruitful with the bacteria. But, owing partly
to the complexity of the life cycle in some of the protozoa, and to the
fact that some are always naturally parasitic under peculiarly complex
conditions, the knowledge thus far derived from artificial cultivation
is limited. .

The scope of this book does not permit more than this brief general
survey of the protozoa which, as we are but just beginning to realize,
share so largely in the infective maladies of man and the lower animals.
Nor can we do more than consider briefly some of the most significant
forms which are related to human pathology.?!

The Classification of Protozoa.—The protozoa are commonly sep-
arated into four primary divisions which are based upon the existence
or the character of motile organs, pseudopodia, flagella, and cilia, as
follows:

I. SarcopiNa.—Movement by pseudopodia.
II. MasTiGOPHORA.—Movement by flagella.
III. INFusoria.—Movement by cilia.
IV. Srorozoa.—Without motile organs; all parasitic.

I. SArRcoDINA.

The protozoa of this division are usually of simple structure, charac-
terized mainly by motile organs in the form of changeable, broad or
slender, protoplasmic processes—pseudopodia. Reproduction is by divi-
sion and by spores.

In the class of rhizopoda of this division are forms parasitic and
pathogenic in man. Among the longest and best known of these are
the amaebas.

Entamceba histolytica (Amceeba dysenterie) is of considerable path-
ologic importance. Councilman and Lafleur? in 1891 first definitely
established the significance of this protozoan parasite which they called
Ameeba dysenterie, a name now superseded by Entamaeba histolytica of
Schaudinn.

It has been repeatedly found in acute and chronic dysentery, most
frequently in the tropics, in the intestinal contents, at the bottom of the

1 For a résumé of our present knowledge of the parasitic and other protozoa, consult Nory, The
Role of Protozoa in Pathological Processes, Path. Soc., Phila., x, 1907. Calkins, Protozoology, 1909,
is a valuable and readable epitome of the subject and rich in interesting data and views bearing upon
human and animal pathology, bibl. See also the excellent epitome in Park and Williams, Patho-

genic Bacteria and Protozoa, 1910, where also references to standard works will be found.
? John Hopkins Hosp. Rep., ii., 395, 1891.
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intestinal ulcers, and in the secondary akscesses, especially of the liver,
which may accompany ulcerative colitis. The amceba is believed
to be the inciting factor, in some cases, in both the primary ulcerative
colitis and its complicating abscesses (see page 676).

This amceba (Fig. 73) is a spheroidal cell, from five to eight times
the diameter of a red blood cell, with granular protoplasm and a vesicular
nucleus. It often contains larger and smaller vacuoles. Frequently,

especially when the amceba is

active, a portion of the proto-

plasm appears almost homogen-

eous—ectosarc—while the rest

—endosarc—is granular. When

moving it assumes various

forms, thrusting out and with-

drawing nearly homogeneous

pscudopodia. It may also

change its shape without pro-

gressive movement. It occurs

in acute and chronic dysentery,

frequently in Egypt, occasion-

F1c. 73.—EnTAM@BA HisTOLYTICA. ally in RUSSiar India and the

From the intestinal wall near an ulcer in amabic colitis. Phlllppmes, and is often seen in
the United States.!

The parasite is capable of making its way between the epithelial cells
of the intestinal canal, but the way in which lesions are induced is not
clear. The organism has been artificially cultivated.?

Animal inoculations with this species have given positive results.
For the details of these as well as the differentiation between this and
the common non-pathogenic intestinal Entamceba coli, see special works
on protozoa and clinical pathology.

Other species of ameeba have been found in the human mouth,
intestines, and bladder, but are apparently not pathogenic. The Enta-
meeba coli is very frequently present in health and in intestinal disorders
other than dysenteric.® There is reason to believe that amcwbas are ac-
quired through drinking water and uncooked foods.

NEGRI BODIES AND CYTORYCTES.

The so-called ““ Negri bodies,” (page 295), so constantly present in brain cells in
hydrophobia, and certain cell inclusions in the lesions of small-pox, have been inter
preted as parasitic protozoa, named respectively Neuroryctes hydrophobie and
Cytorycles variole, and classified among the pathogenic rhizopods.

1 We refer for further details concerning the Entamaeba histolytica to the work of Councilman and
Lafleur on ** Amabic Dysentery,” Johns Hopkins Hospital Reports, vol. ii., p. 395, 1891. For a
method of differential staining of the Entamceba histolytica seec Mallory, Journal of Experimental
Medicine, vol. ii., p. 529. 1897. For a résumé of Amacbas, cultivation and significance, see Musgrave
and Clegg, Bureau of Govt. Labt. Dept. of the Interior, Biological Laboratory No. 18, Oct., 1904, and
Strong on ** Amwbic Dysentery,” in Osler’s ‘* Modern Medicine,” vol. i.

2 See Musgrave and Clegg ref. above.

3 See Craig, Jour. Infec. Dis., v., 324, 1908.
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II. MASTIGOPHORA.

These organisms are of definite or changeable shape, with or without
a membrane. They are characterized by the possession of one or more
undulating or vibratile processes or flagella. Some forms seem to be
closely related to the bacteria.

Trypanosomes.—Among the flagellated protozoa the trypanosomes
are of much significance, occurring as free swimming parasites in the
blood of both cold- and warm-blooded animals—mammals, birds, rep-
tiles—and in the intestines of certain blood-sucking insects—flics,
mosquitoes.

Trypanosomes are elongated, usually pointed, and may have one or
two flagella and an undulating membrane at the side attached to the
flagella (Fig. 74). The membranc is often attached in folds or undula-
tions so that the movement of the parasite in swimming is somewhat
augur-like. They reproduce by division.

In many instances the trypanosomes scem to be of no special sig-
nificance to the host, but in several of the lower animals and in man
some species are markedly pathogenic.

Trypanosomes are common in wild rats in all countries. The species
infesting these animals, 7'r. lewis?, ean be readily transmitted with the
blood to a fresh animal by injection and does not appear to interfere with
the well-being of the rats. A certain immunity to subsequent injections
seems to be conferred by the presence of these parasites in the blood of
the rat, from which they usually disappear in two or three months.

Novy and McNeal first successfully cultivated the Trypanosoma
lewisi and other forms on nutrient agar containing varying amounts of
defibrinated or laked rabbit blood.

Pathogenic Trypanosomes.

Tsetse-fly Disease.—Among the more important of the trypanosome
infections we may note Nagana or the tsetse-fly discase (Fig. 74). This
infectious discase of cattle, horses, and mules occurring in Africa, espe-
cially in Zululand, has long been known and was at one time of great
economic importance. It is characterized by fever, emaciation, edema,
ete.

In 1894 Bruce discovered a trypanosome—Tr. brucei—in the blood
of the affected animals. He also found that the parasite was conveyed
to healthy animals through the bite of a tsetse-fly of that country—
Glossina morsitans—which had shortly before bitten an infected animal.
The original source of the parasite was found to be the wild animals of
the region, which did not appear to be affected by it. Man is immune
to this species of trypanosome.

Surra.—This disease of horses and cattle, occurring in India, and
possibly in other tropical countries, has been shown to be due to a
trypanosome, Tr. evansi, which is conveved from infected to healthy
animals by a fly.
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Several other diseases of wild and domestic animals are known to be
incited by trypanosomes.

Sleeping Sickness.—The ‘““sleeping sickness’ is very common and
fatal among the negroes of equatorial Africa, assuming in the Congo
region the character of a veritable pestilence whose victims number
hundreds of thousands. White men are not exempt. The disease,
still rapidly extending, is characterized by lethargy, debility, emaciation,

F16. 74.—TrRyYPANOSOMA BRUCEI
The protozoan parasite of the tsetse-fly disease of Africa.

drowsiness, coma, and death. It is incited by a trypanosome, T'r.
gambiense, which also is conveyed by a tsetse-fly, Glossina palpalis.
The lesions noted are congestion of the meninges with fluid exudate and
enlargement of the lymph-nodes, splecn, and liver.!
Spirocheeta.—Among the spirally curved bacteria it has been cus-
tomary to recognize a genus called Spirillum, the members of which
have a rigid spirally curved body, and a genus called Spirocheta, in which
1 For a summary of trypanosomes and diseases incited by them, see Novy, The Harvey Lectures,
1905-6; Jour. Am. Med. Assn., Jan. 5, 1907. For a study of trypanosomiasis with special reference
to service in the Philippine Islands, see M usgrave and Clegg, Department of Interior, U. S. A., Bureau

of Government Laboratories, 1903. For a study of specific chemical therapy in trypanosomiasis, see
Terry, Arch. Int., Med., iii., 98, 1909.
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the organisms are also spirally curved but are described as flexible. These
genera have been considered to embrace closely related bacterial forms.

The discovery by Schaudinn of Spirochzta, now called Treponema,
pallidum (Fig. 75), in the lesions of syphilis has given rise to many
critical studies of spirochetes, and while we cannot enter here into the
details of the matter, it has finally become probable, if not entirely
proven, that the spirochetes are protezoa and not bacteria or at least
that the protozoan characters are predominant in them.?

The remarkable achievement of Ehrlich in creating, on a carefully
projected theoretical basis, the synthetical chemical compound of .
arsenic, dioxydiamidoarsenobenzol, popularly known as 606, which has

F1a. 75.—TREPONEMA PALLiDUM. -
Stain by the India ink-method (see p. 278).

a specific destructive action on the life not only of the spirochetes of
syphilis and of relapsing fever, but upon trypanosomes as well, would
indicate a relationship between the spirochetes and the protozoa which
tends to confirm the evidence from morphology.

Treponema (Spirocheta) Pallidum.—This organism, now believed to
be a protozoan and the inciting agent in syphilis, is described in connec-
tion with the lesions of that disease on page 274.

Spirocheeta Obermeieri.—The protozoan organism inducing relapsing
fever and Spirochzta pertenuis of Castellani will be considered among the
infectious diseases, see page 292.

The occurrence of spirochetes in tumors is as yet of such uncertain
significance that this mention may suffice.

Leishman-Donovan Bodies.—In some forms of cachexial fever of India associated
with enlarged spleen and marks of profound toxszmia—the so-called kala-azar;
dum-dum fever—there have been found in the spleen, blood, etc., peculiar bodies

1 For a discusson of this subject, see Calkins' ‘' Protozoology,” p. 231, 1910.
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now known as the Leishman-Donovan bodies which were believed to belong to the

trypanosomes and have given rise to much discussion. More recently they have

been placed in the genus Herpetomonas—an allied form of flagellata or protozoa—

in which are organisms commonly parasitic in the fly. The organism is believed to
be transmitted to man through the bite of the bed-bug.
For further details, see p. 480.

Trichomonas vaginalis has an oval or pear-shaped body
from 0.015 to 0 025 mm. long, with a cluster of flagella at
one end and an undulating membrane, frequently mistaken
for cilia, upon the side (Fig. 76). It is of occasional occur-
rence in vaginal exudates. The possibility of mistaking the

! T. vaginalis for human spermatozoa should be borne in

mind in medico-legal examinations, although to an ob-

F1c. 76.—Tricromonas  Server familiar with either structure such a mistake could
VaoInaLis. hardly occur. ’

After Dock. Some forms of Trichomonas have been found in the urine
of man, in the intestines, and in the sputum.!

ITII. INFUSORIA.

The infusoria are the most highly differentiated of the protozoa.
They have numerous motor appendages or cilia, which may persist
through life or in some forms be replaced
in the adult stage by suctoria. They re-
produce chiefly by fission, or budding.
Among the ciliated infusoria, few if any
are pathogenic in man. The Balantidium
colv (Fig. 77) is an ovoidal organism from
0.06 to 0.1 mm. long; it iIs a common
parasite of swine in some regions, and has
been found a few times in the intestinal Fi6. 77— BALANTIDIUM CoOLL
tract of man under conditions which indi- After Braun
cated its probable pathogenic significance.

IV. Srorozoa.

The sporozoa are all parasitic, living at some period of their life
cycle in the cells of their host, and are cspecially characterized by their
reproduction through encystment and spore formation and absence of
definite motile organs. Many forms of the organisms, especially the
spores, are very minute and difficult of identification.

The sporozoa are widely distributed, being found as parasites in
nearly all classes of animals. They may invade the gastro-intestinal
canal and the kidney and their adnexa, the blood, muscle, connective
tissue, and skin. While many of them appear to be harmless to their
host, others may do scrious damage by blocking the tissue spaces and
thus, or in other ways, inducing necrosis, atrophy, or cell death. Some
forms are wholly intracellular, others remain for only a part of their life
cycle within single forms of cells, passing then to other cells or to the

1 For original studies of Trichomonas with historical summary and bibliography, see Dock, Am.
Jour. Med. Se., vol. exi., p. 1, 18986.
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body cavities or to hosts of a different species. The life eyele of many
forms is extremely complex. On account of their strict parasitism and
the requirements in some instances of an interchange of hosts, precluding
the methods of culture applicable to many of the lower organisms, the
life history of many forms is still unknown or obscure.

The classification of the Sporozoa is still tentative, but one may con-
veniently recognize the following orders:

1. Gregarine.—These are round or elongated parasites, some of the
higher forms presenting partitions in the cell with special development
of one end for attachment. They are parasitic in certain cold-blooded
animals, especially the invertebrates. The
voung stages only are intracellular, mature

. ]
forms occurring in the body spaces.
2. The Myzxosporidia are parasitic in cer-
tain of the invertebrates, in fishes and ~
batrachians. Epidemics among silk worms

incited by a parasite of this class have occa- _

. Y. . Fi6. 78.—Cocctoivm OVIFORME.
sioned serious losses. Many species are con- This shows the encapsulated
cerned in diseases of fish, in which they may  form of the parasite. with the
cause extensive deep foci of necrosis and  formation of spores.
ulceration.

3. Coccidia.—Organisms of this order are parasitic in certain of the
invertebrates, in birds, reptiles, and mammals. They are round or oval,
usually intracellular parasites having no free motile adult stage. They
are most frequently found in the epithelium of the intestine and liver.

One of the most common forms in the mammalia is Coccidium ovi-
Jorme (Fig. 78) which is of frequent occurrence in the liver of the rabbit,
forming a part of the contents of yellowish irregular shaped masses,
resembling tumors, or in the form of cysts.!

The parasites surround themselves with a capsule within which
elongated sporozites develop. This encapsulated form may be taken up
by a new host in which the sporozites are set free and enter the epithelial
cells in which they again become encapsulated.

The occurrence of Coccidium oviforme has been recorded in the liver,
kidney, and heart-muscle of man. .

Another smaller form, occurring in the intestinal epithelium of dogs,
cats, and rabbits, has been found in two cases in a similar situation in
man.

Rixford and Gilchrist? have described in detail two cases of proto-
zoan (coccidoidal) infection of the skin and other organs, making a care-
ful comparison between these and organisms somewhat resembling them
which have been found in various skin lesions.

4. Sarcosporidia.—In this order of the Sporozoa the usually clongated
slender early stage is found in between the muscle fibres and bundles of
vertebrates—mouse, hog, and, in a few instances, in man. These are
commonly known as the “tubes of Miescher” or “of Rainey.” Reni-

1 See Tyzzer, Jour. Med Res., vol. vii., p. 235, 1902, bibl.
2 Johns Hopkins Hospital Reports, vol. i., p. 209, 1896, bibliography.
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form or falciform spores arc developed. The adult forms are spheroidal
or elongated. The life cycle is not well known.!

5. Hemosporidia.—These parasites of the blood form a large group
occurring in the corpuscles or plasma of vertebrates—amphibia, reptiles,’
birds, and mammals. Some forms are among the most important of the
protozoan parasites of man. They are of small size; the adult form is
motile. One stage in the life cycle is passed in the blood of the verte-
brate host. Another stage or cycle may be passed in the body of some
insect, acting as an intermediate host.

Among the mammalian hemosporidia we may mention the hsmat-
ozoa of malaria and the hematozoon of Texas fever.

Malaria.—The characters of the malarial heematozoon, for which the
mosquito acts as intermediate host, are described in detail on page 312.

Texas Fever.—Texas fever (tick fever), a disease of cattle marked by
fever, debility, and hemoglobinuria, occurs in many parts of the world—
North and South America, Europe, and Africa. The h&matozoon in-
ducing Texas fever was discovered by Theobald Smith and Kilbourne®
and is now called Piroplasma bigeminum.* In one stage it is a minute
pyriform organism occurring often in pairs in the red blood cells of itshost.
Free forms have been found in the blood. While its life cycle has not
been completely worked out, Smith and Kilbourne showed that a cattle
tick acting as an intermediate host transmits the parasite through her
eggs and larve. It is through these young ticks that fresh cattle be-
come infected.® Other species of Piroplasma have been found in the
dog in various countries; still others in horses and sheep.

Methods of Study of the Protozoa:

The protozoa may be studied in the living condition either in the fluids in which
they are found or in three-quarter-per-cent. salt solution. They may be killed and
preserved by allowing a drop of one-per-cent. osmic acid to run under the cover-glass,
and replacing this after an hour by glycerin lightly tinged with eosin. Or they may
be killed by sublimate solution and stained.

Many of the smaller forms show well when dried on the cover-glass and stained
with the anilin dyes by the methods used for bacteria (see p. 143).

The movements of the Entamceba histolytica in the fmces or in the contents of
abscesses, which frequently contain them in enormous numbers, may be studied on

2in three-quarter-per-cent. salt solution. Its morphology may be studied
aining it, such as intestinal ulcers, abscesses, etc., which have been
ilcohol and stained either with methylene blue or hematoxylin, the
ispecially commended by Councilman and Lafleur.

ipts to obtain pure cultures of certain forms of Ameeba and similar or
{ protozoa have been partially successful. The method by which Mc-
y obtained pure culture of trypanosomes, namely, by the use of ordinary
containing rabbit’s blood, is of high promise in related forms of protozoa.

y of the production of sarcosporidia in the mouse see Theobald Smith, Trans. Assn. Am.
p. 576, 1901.
nann, ' Hemosporidia in American Reptiles and Batrachians,” N. Y. Med. Jour.,

Il. Bur. An. Industry, No. 1, 1893.

3 and allied genera are now often described under the generic name Babesia, and the
ered is named Babesia bovis.

mary of observations on Texas fever (Hemoglobinuria of Cattle) see Kossel, in Kolle
a's ‘* Handbuch der Mikroorganismen,"” Bd. i., p. 841, bibl.
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For details of this method as well as a résumé of the cultivation of protozoa, consult
McNeal and Nory, “Contributions to Medical Research, Vaughan Anniversary
‘olume,” 1903, p. 549.

Metazoa.

Among the multicellular parasites, the worms—the flat flukes and
tape-worms as well as the round worms and a few insects—form the most
important classes for our consideration. But for the details concerning
these as well as the other larger parasites we must refer to special
works on parasitology.

It may be said in general that the metazoan parasites may be harm-
ful to the structure or the function of the host, though the damage is
often very slight,either by their local presence, occluding canals, obstruet-
ing vessels, inducing local irritation, or structural damage, or by their
movements about the body; by the appropriation of food belonging to
the host; or, finally, by the setting free of deleterious metabolic products
of their own manufacture.

This toxic action of certain parasites is especially marked by the
more or less pronounced eosinophilia present in a large proportion of
patients who are the victims of invasion by parasitic worms.!

The frequent an®mia associated with the presence of metazoan
parasites and the local injuries inflicted by them, especially of the mucous
membranes, through which the body is made more vulnerable to second-
ary bacterial invasion, are all of considerable importance. Some of
these effects will be referred to in the following brief series of individual
forms of metazoan parasites.

WoRMS.

TREMATODA (Flukes).

These worms are small, flat, tongue-shaped, or leaf-like creatures,
with an intestine, and a discoidal structure on the under surface, by
means of which they attach themselves. There are several genera
and species found in man. The most common p—

X8 AT

genus is Distoma. Of these D. hepaticum is of & v o =i~
most frequent occurrence (Fig. 79). It is about % C =
30 mm. long, and usually occurs in the gall-
ducts and gall-bladder. The embryos are often  Fic. 79.—Distoua Herar-
attached to water plants, from eating which the About st iz
infection is believed to occur. D. lanceolatum is ’
more slender, pointed at the ends, 8 to 10 mm. long, and has becn
found a few times in the gall-bladder. D. sinense is a slender worm
about 15 mm. long, and has been found in the bile in considerable
numbers, particularly in the Chinese. D. h@matobium is a more nearly
cylindrical worm; the sexes are distinct, the male from 12 to 14 mm.
long, the female 16 to 18 mm. long, and the parasite occurs, especially
in Egyptians, in the portal and other abdominal veins.

1 See for a study of the influence of parasites on the host, Ward, Science, vol. xxv., p. 201, 1907;
consult also Shipley and Fearnsides, Jour. Economic Biology, vol. i., 1906.
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CESTODA (Tape Worms).

These important worms consist, in the mature state, of more or less
rectangular or elongated flat segments, cach one representing a single
individual, arranged in a linear series to form a colony. At one end of
this, called the head, is a variously formed structure for the attachment
of the colony to its host. The neck and head are called the scolex,
while the secgments are called proglottides. These worms have neither
mouth nor alimentary canal. They are hermaphrodites, the sexes

being united in the proglottides. The head

and neck (scolex) may exist as an immature

form in various tissues and organs where they

are encysted, and are often called cysticercus.

Tenia solium is of infrequent occurrence

in man. It may be several metres in length,

and may be coiled up or stretched out in the

small intestines. Several worms may be in

the gut at one time. The .head, about the

size of a pin’s head (Fig. 80), has a project-

ing proboscis or rostellum, around which are

arranged a double row of horny hooklets.

Below these are four sucking discs at the sides

of the head. The hooklets of the anterior

row are larger than those in the posterior row,

and are from 0.16 to 0.18 mm. long. The

proglottides, when fully developed, are from

10 to 12 mm. long and from 5 to 6 mm. wide,

but those nearest the head are much shorter

and immature. The eggs of T. solium are

Fic. 80.—HEAD or TaNIA ovoidal structures, about 0.03 mm. in diam-

xb:t:z:‘;o. eter. The embryo of this worm is most com-

monly seen in the muscles of the pig as an

cncysted scolex, commonly called a “measle.” It occasionally occurs

in man in the muscles, brain, cye, ete., and is called Cysticercus cellulose.

It is usually about the size of a pea, but may be as large as a pigeon's
egg and surrounded by a connective-tissue capsule.

Infeetion with the worm occurs in the human subject from the inges-
tion of insufficiently cooked “measly " pork, or, in the case of Cysticercus
cellulosee, from the ingestion of the eggs, which may, in a variety of ways
in uncleanly persons, get into the food.

Tenia mediocancllata (T. saginate LEtckarT).—The head of this
species is somewhat cuboidal, with neither rostellum nor hooklets, but
with four sucking disecs (Fig. 81). The segments are generally broader
and shorter than in T. solium, and the worm is usually larger. In the
embryonal form the scolex occurs as the Cysticercus txnie mediocanel-
late in the form of small cysts in the muscles of cattle, from the eating
of which in the uncooked condition the infection occurs. This is the
most common tapeworm in the United States.
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Tenie echinococcus.—This worm in the mature condition forms a
short, small colony inhabiting the intestine of the dog. The head is about
0.3 mm. in diameter and has a double row of hooklets around the rostel-
lum. The proglottides are three or four in number, the last being the
larger. The entire colony is not
more than 4 to 5 mm. in length.

The significance of this parasite

in human pathology depends y
upon the cysts, called hydatids, ‘ \ €
which it forms, in the immature ) .
or cysticercus stage, in various : :
parts of the body. Intimate
association with dogs favors the
acquirement of this parasite. .
When the eggs of the mature
worm get into the intestinal 2
canal of man they undergo par-

tial development and find their p
way into the tissues and organs, T
most frequently into the liver.

Here cysts are formed which Fia. 81.—T.5:N1AP]‘:{::£:'::)EE|:ATA. Heap anNp

become encapsulated by a con- A, head X about 15. B, mature proglottid,

L _  showing generative apparatus. C, head and frag-
nective-tissue membrane pro ments of immature proglottides, showing gradual

duced by the inﬂammatory reac- tapering of the neck. Natural size.
tion of the organ.

The cyst wall of the parasite is formed of two layers—an outer, finely
lamellated layer called the cuticule (Fig. 82), and an inner, granular
layer containing, muscle fibres and blood-vessels called the parenchyma-
tous layer. Inside of the primary cyst, secondary cysts sometimes form,
called daughter cysts; and within the latter, tertiary cysts, called grand-
daughter cysts, may develop. On the inner surface of the cysts, either
primary, secondary, or tertiary, the scolices or heads of the immature
worm are formed. These de-
velop in the walls of the pedicu-
lated vesicles called brood cap-
sules. The walls of these vesicles
have a lamellated cuticula and
a parenchymatous layer similar
to those of the primary cysts.
The scolices, of which there may
. ] be several in each brood cap-

F1c. 82.—CouTticura oF EcHiNococcus Cysrt. SUIey are similar to the heads of
Showing lamellated structure. the mature tapeworm. They

are about 0.3 mm. in diameter,

having a rostellum surrounded by a double row of hooklets and four
sucking dises (Fig. 83). At the posterior end of the scolex is a
pedicle by which it is originally attached to the wall of the brood
capsule. Little, lamellated concretions of lime salts are often present
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in the scolex. The anterior portion of the scolex, the rostellum,

hooklets, and suckers, are often invaginated in the posterior portion.

The scolices may be free inside of the brood capsules, or, owing to the

rupture of the latter, they may be free in the cavity of the primary

cysts. They may die and degenerate, forming a granular mass in which
the hooklets may be embedded,
or the hooklets may be free in
the brood capsules or in the
primary cysts. Sterile cysts are
often found, that is, those in
which neither brood capsules
nor scolices are developed.

The cysts contain, in addi-
tion to the scolices, a clear,
gelatinous fluid. This fluid may
become turbid by admixture
with disintegrated scolices or
fragments of the parenchymat-

IF'G‘ sfl;_sco':l'lm oF T'.’";:dE,C"::""":“sj ous layer, or it may contain
n one € Iros um 18 projec ,n e ot t . . .
s withdrawn, orem fatty detritus, cholesterin crys-

tals, and particles of lime salts.

The fluid may be partially absorbed, leaving a thick, grumous material
within the cysts, which may become calcified or converted into a stony
mass. When the scolices are not found entire the diagnosis may be
made by the discovery of the separate hooklets (Fig. 84) or fragments of
the characteristically lamellated cyst walls. The connective-tissue walls
of the primary cysts may become fatty, or caseous, or calcified.

Sometimes the secondary vesicles project outward instead of inward,
forming a series of cysts outside of the primary one. This variety of
development is sometimes seen in man, but is more common in the
domestic animals. It is called Echinococcus scolecipariens or erogena.

Another variety of echinococcus,
called E. multilocularis, is almost always
found in the liver, and appears to be the
result of incomplete and disturbed de-
velopment of the embryos or cysts. It
consists of a congeries of irregular, usually
small cysts (Fig. 486, p. 739), surrounded
by broad and narrow bands of connective
tissue, and sometimes containing gelatin-
ous fluid and scolices or hooklets; but o o o ScoLsx or
the latter structures are commonly absent Taxia Ecuinococcrs.
or difficult of detection. The whole is
often surrounded by a dense connective-tissue capsule which may be
calcified. The entirec mass often presents an alveolar structure and was
formerly regarded as a tumor—alveolar cancer. The diagnosis may be
established by the discovery of the hooklets or scolices, or fragments of
the lamellated cuticula. This form of the parasite is rare in America.
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There are four or five other species of tenia, occurring rarely in man.

Tenia nana.—This species occurs in the form of small colonies, about 15 mm. in
length. The rostellum is surrounded by a single row of hooklets. It is frequently
found in the intestinal contents of Italian children, of the inmates of asylums for
the insane, and of a considerable proportion of the population of some of the South-
ern States. Tenia flavopunctata, a species about which little is known, is reported
twice in America as occurring in the intestine of young children. Te®nia madagascari-
ensis, also little known and rare, has been seen in two children in Madagascar.

Tenia cucumerina.—This species occurs in colonies about 20 cm. long. The head
is very small and spheriodal, and has four rows of hooklets. It is frequent in the
small intestines of dogs and cats. It occurs occasionally in man. Its scolex inhabits
the dog louse, and infection may occur in man by the transference of the lice or the
embryos of the parasite to the mouth, as the result of the filthy habit of kissing dogs
and cats or permitting the face to be licked by them.

Bothriocephalus latus.—This, the largest of the human tape worms, has very broad,
quadrangular proglottides. The head is ovoidal and about 2 mm. long and 1 mm.
broad. It hasno proper sucking discs and no hooklets, but by long grooves on either
side of the head the animal attaches itself to its host. The neck is long and filiform.
It occurs most frequently in Europe, particularly in the northern provinces. The eggs
undergo partial development in water, and are taken up by the pike and eel-pout, and
perhaps by other fresh-water fish, from the ingestion of whose flesh in an imperfectly
cooked condition the human infection occurs. Two other species of Bothriocephalus
have been described as of rare occurrence in man: B. cordatus in Greenland and Ice-
land, and B. cristatus.

NEMATODA (Round Worms).

These worms are in general cylindrical, clongated, usually pointed

at the ends, and sometimes filiform. The surface is sometimes smooth,
sometimes irregularly beset with hairs and papille, or possesses longi-

tudinal clevated striz or transverse rings; but the body is not segmented.

F16. 85.—Ascaris LumBRricoipEs. About half natural size.
A, Male. B, Female. After Perls.

There is a mouth at the anterior portion, and a ventral anus near the
posterior end. The intestine is straight. The sexes are in most forms
distinct, the male being in general smaller than the female.

Ascarts lumbricotdes.—This is one of the most common of the human
intestinal parasites, and is of particularly frequent occurrence in chil-
dren. It is of a light-brownish or reddish color. The female is from 30
to 40 cm. long and from 5 to 6 mm. thick. The male is somewhat more
than half as large (Fig. 85). Both sexes are pointed at the ends, the
posterior end of the male being curved into a spined hook. The eggs,
from 0.05 to 0.06 mm. in diameter, are surrounded by an albuminous
envelope (Fig. 86 A) and are quite resistant to destructive agencies.
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The mode of development and life history of these parasites are not very
well understood. Their usual seat in man is the small intestine, but they
may wander into the stomach, and exceptionally get into the mouth,
nose, bronchi, gall-passages, peritoneal cavity, ete. They may be single
in the gut or present in great numbers.

Two other species of ascaris have
been found in man. A. maritima
was found in the vomit of a child in
Greenland, in an immature condi-
tion. A. mystaz, a tolerably com-
mon form in cats and dogs, has
been found a few times in man.
It is smaller than A. lumbricoides.

Oxyuris vermicularis (Thread-
worm or Pinworm).—This species

: A is very small; the female has a
Fra. 86.—EGGs or NEMATODE WORMS. . . :
A, Eggs of Ascaris lumbricoides, X about 300. pomted tail and l-S about 1 cm.
B, eggs of Oxyuris vermicularis, X about 250. long. The posterior end of the
male, which is about 4 mm. long, is
blunt, and after death somewhat curled (Fig. 87). The eggs (Fig. 86 B)
are produced in great numbers, are oval, and about 0.052 mm. long.
This parasite is very common in children, and may be present in large
numbers in the colon. This worm is known to infest only the human
. subjeect, and infection doubtless occurs by the ingestion of the eggs, which
are widely distributed in a variety of ways on many objects, fruits, etc.

Strongylus gigas.—This is a slender red worm, the female being
sometimes 1 metre long and over 1 em. in diameter. It has been found
several times in the pelvis of the kidney in man. It is more common in
the wolf, fox, horse, scal, and some other animals.

Strcngylus longevaginatus.—The female is about 2.5 c¢m. long, the
male, as usual, shorter. It is of a yellowish-white
color, and has been found once in the lung of a boy in
Germany.

Strongylus subtilis.—A very small species (female
5.6-7 mm. long) has been described by Looss as
occurring in Egypt in the human intestine. But it is
believed to be without pathological significance.

Uncinaria (Hookworm).—There are two forms of
hookworm, that common in European and other
countries, Uncinaria duodenalis (Ankylostoma duc- & B
denale), Stiles, and the hookworm of the New  Fig &7.—Oxvcas

v . . . . ERMICULARIS.
World, Uncinaria americana, Stiles. The latter worm  , pepale. B, Male.
is from 7-11 mm. long. The mouth is furnished with
a chitinous capsule and chitinous claws and tecth. It is found especially
in the small intestine. The head is burrowed into the mucous mem-
brane of the host and the animal is nourished by the blood which
it sucks. Ecchymoses may be produced at the point of attachment
or even severc hemorrhage. The worms are often present in large

B
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numbers. The eggs are deposited in the intestine of the host, escaping
in the feeces. These may develop in a short time outside the body and
then the parasite can gain access to the host either through the skin or
by the mouth.

Hookworm disease, uncinariasis, is widespread, involving in this
country the Southern States and adjacent islands where it is of serious
importance on account of anemia, gastro-enteritis, he#morrhage, and
general debility, etc., which often mark its presence. It is estimated
that in some districts 90 per cent. of the inhabitants are affected.

By proper attention to sanitation in the disposal of excreta, the
ravages of this parasite could be checked.

Trichocephalus dispar (Whipworm).—The males and females are of
nearly equal size, 4 to 5 cm. long. A little less than one-half of the
body (the posterior portion) is about 1 mm.
thick, and in the male is rolled into a flat-
tened spiral, but in the female is but
slightly bent. The anterior part of the
body is very slender (Fig. 88) and is em-
bedded in the mucous membrane of the '
host. The eggs are elongated, oval-shaped, Fic. 88.—TricrocerHALUS Dispar.
about 0.05 mm. long and about one-half ag  From the skin of the mons veneris.
wide, with a thick brown capsule. This
parasite is very common in some countries, especially in France and
southern Italy. It is commonly found in the cecum, usually in small,
but sometimes in very large, numbers. It is generally of little patho-
logical significance, commonly producing no symptoms. Its develop-
mental history is not well known.

Trichina spiralts.—The female of this common parasite is, in the
mature condition, about 3 mm. long, the male from 1 to 1.5 mm. long;
they are filiform in shape and white in color. The young are born in
the form of tiny worms about 0.01 mm. in length and somewhat similar
to the adult in shape. Infection occurs in man from the ingestion of
insufficiently cooked pork. The muscle of the diseased pig contains
the embryos of the parasite in an encysted condition. In the stomach
the capsule of the worm is dissolved and the embryos are set free. They
very rapidly mature, increasing in size, and the females give birth in
the small intestine to very large numbers of young. It is estimated that
a single female may give birth to from 1,300 to 1,500 young. These
find their way through the mucous membrane and wall of the gut, into
various parts of the body.!

The exact course which they take in getting out of the gut is not
fully established; probably they traverse the tissues in different ways.
At any rate, they find their way to the voluntary striated muscle tissue,
which they penetrate, and enter the muscle fibres. Here they cause a
disintegration of the contractile substance, and coil themselves inside
of the sarcolemma. In this situation they become encapsulated by
material in part furnished by themselves, in part by means of the inflam-

1 Herrick and Janeway have found the embryo in the blood, see Arch. Int. Med. iii., 263, 1909.

9
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matory reaction which their presence induces in the connective tissue of
the muscle. The worms are surrounded inside the capsule by granular
material (Fig. 89). The capsule after a time becomes partially calcified,
and in this condition may be readily seen by the naked eye as a tiny white
speck. In this encysted state they may remain inactive but living for
an indefinite, often for a very long time. Most frequently the cysts
contain but one embryo, but they may contain from two to four. The
embryo may die and its remains become calcified.

The same course of events follows when the muscle trichinz are eaten
by the pig or a variety of other animals.

The embryos in the muscle are killed by a temperature of 55° C. and
by some of the methods of curing pork.

The embryos may mature and a new generation be born within from
five to eight days after the ingestion of the diseased meat.

F1G. 89.—TRICHINA SPIRALIS.

The parnsites are encysted in muscle. In one capsule the parasite has died, and the granular
material replacing it is calcified.

As the result of the presence of these parasites in the body, if the
invasion be severe, nutrition may be impaired and catarrhal enteritis,
broncho-pneumonia, hyperplasia of the mesenteric lymph-nodes, and
fatty degeneration of the liver may occur. Leucocytosis with a great
increase in the number of cosinophile cells is common.! The encapsu-
lated embryos may be found in enormous numbers in various voluntary
muscles of the body, but they are most apt to be found, when not very

t, in the muscles of the neck and larynx, in the intercostals and
hragm. They tend to collect toward the tendinous extremities
wscles.  Trichine also occur in the rat, cat, mouse, and other

1a medinesis (Guinea worm).—This is a thread-like worm, the
eing sometimes as much as 80 em. long and from 0.5 to 1.7 mm.
The male, which is rarely found, is much smaller, measuring
wt 4 cm. in length. It is common in the East, and inhabits
utaneous connective tissue, in which it often gives rise to ab-
ind ulcers. Eosinophilia is commonly present. The embryos

lbert, Am. J. Med. Sci., Aug., 1910.
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live for a time free in fresh water, and are taken up by a species of
fresh-water crustacean, in whose body they undergo further develop-
ment, and by the ingestion of which the infection of the human subject
occurs.

Filaria sanguinis hominis.—The embryo of this parasite, which
inhabits the blood and lymph of man, especially in Brazil, Egypt, and
some parts of the Orient, and occasionally occurs in this country, is
about 0.35 mm. long, rounded anteriorly, and pointed at the tail (Fig.
90). It has about the diameter of a red blood cell. It occurs, sometimes
in great numbers, in the blood during the night time, being as a rule
absent during the day. It may occur in the urine in connection with
chyluria and hematuria. The mature female is from 8 to 10 cm. long,
and has been found inhabiting the lymph-vessels of man, particularly
in the scrotum and lower extremities.

Owing to the obstructions which it

causes in the lymph circulation, and

to the local irritation which its pres-

ence induces, it sometimes gives rise

to 1yrﬂph3'l'lgiec‘7a'sis;l (Bdema, ab- F16. 90.—FILIARIA SANGUINIS HOMINIS
scesses, and perhaps elephantiasis. —Eupryonic Foru Frox THE Broop.
Eosinophilia is common. One of the

embryonic stages of development is believed to take place in the
body of a species of nocturnal mosquito. Through the bodies of the
dead mosquitoes, which are liable to fall into the drinking-water, it is
belicved that the spread of the parasite may occur.

There are several other species of filaria occasionally found in man
which it is not necessary to enumerate here.?

Rhabdonema strongyloides.—A small, filiform worm from 1 to 2 mm.
in length is found, often in enormous numbers, in the intestines, biliary
and pancreatic ducts of man in Cochin China and in Italy, giving rise
to endemic diarrhcea. It has been thought that there are at least two
species, which have been described under the generic name Aguillula
but recent researches by Leuckart have led him to believe them to be
different developmental stages of the same form, for which he suggests
the above name.

Methods of Study of Worms.

Filaria sanguinis may be preserved by preparing a smear of the blood containing
it on a slide in the usual way (see p. 316), and staining with methylene blue.

The larger parasites may be hardened in formalin and studied whole after dehydra-
tion in alcohol and clearing in oil of cedar or origanum. Or sections may be made after
embedding, and stained and mounted in the usual way.

The examination of musele for trichina is often of great practical importance. For
this purpose small pieces of fresh muscle are squeezed into a thin sheet between two
slides, and examined with a low power. A considerable number of bits of muscle
should be examined, particularly from the above-mentioned favorite situations, be-
fore excluding them in a suspected case, because they are sometimes present in small
numbers. A thorough search is of special importance in the examination of pork,

1 For a study of filarinl lymphatic varix see Opie, Trans. Assn. Am. Phys., vol. xvi., p. 314.
2 For bibliography eonsult Lothrop and Pratt, Am. Jour. Med. Sciences, vol. ¢xx., p. 525, 1900.



132 ANIMAL PARASITES

since, owing to the enormous fertility of the parasites, even a moderate number may
give rise to a severe infection.

For the minute examination of the parasite, bits of muscle should be hardened in
Orth’s fluid and alecohol, decalcified if necessary, and, after embedding in celloidin, thin
sections cut and stained double with heematoxylin and eosin, and mounted in balsam.
Bits of muscle may be also teased, the embryos picked out with a needle, and the cysts
either broken open under a lens with the needle, or squeezed under the cover-glass.
The embryo worm thus set free may be mounted in a mixture of equal parts of glycerin
and saturated aqueous picric acid. The adult forms, which may be obtained by feed-
ing rabbits with uncooked trichinous muscle, and examining after the proper interval,
may be hardened in Orth’s fluid, and mounted in a mixture of equal parts of picric
acid and glycerin, or in the same mixture which has been lightly tinged with eosin.

Arthropoda.

The scope of this work does not permit us to enter in detail into the
subject of external parasites, which will be found described in treatises
on diseases of the skin or in the general works on parasites referred to
below. But, owing to their frequent occurrence and practical impor-

\ tance, we may briefly describe two of the more
common forms of arthropods, the “itch insect”
and the “louse.”

The common “itch insect’’—
Sarcoptes hominis (Acarus
scabiei)—is shaped somewhat
like a turtle, with a chitinous
covering, and presents the gen-
cral appearance seen in Fig. 91.
The female is about 0.45 mm.
long, the male a little smaller.

The parasitec bores little
Fiz. 91.—-Sarcopres HoMm-  tunnels in the skin, in which Fi16. 92.—Prpicrirs

INIS—THE * ITcH [NszcT.” . Caprris—rHE ‘ Hzap
the eggs are laid and the young Louvsz."

Femnule; back view. After
Furstenberg. hatched. After a few days  Male. After Braun.
these bore fresh channels in the
skin. For their detection a bit of the superficial layer of the skin
is snipped out with curved scissors, dehydrated and cleared up with oil
of cloves, and examined under a low power, when the tunnels and the
parasites, if present, will be readily visible.
The head louse, Pediculus capitis, is from 1 to 2 mm. long, the female
being slightly the larger. The general appearance of the insect is seen
in Fig. 92.1

Methods of Study of Insects.

These, if small, may be cleared in turpentine and mounted in balsam, cr sections
may be cut after embedding in paraffin.

! Bibliography.— Especially to be recommended for detailed description of human and animal
parasites is the small work of Brumpt, ** Precis de Parasitologie,’ Paris, 1910.

Consult also, especially for the forms of eggs and other parts of animal parasites which may be
found in the excreta, ronJakach, Wood, or Simon, or other works on clinical microscopy. .

The Reports of the Bureau of Animal Industry of the U. S. Denartment of Agriculture contam
many valuable data relating to animal parasites and the diseases of animals in the United States.

Sec for a general study of the effects of parasites on their host, Ward, Science, vol. xxv., 201, 1€07.




CHAPTER VII
PLANT PARASITES.

THE plant parasites of man belong among the simplest of living
organisms. Three distinet groups are of frequent occurrence in or upon
the body. These are:

1. Bactertia, or fission fungi (Schizomycetes).

2. Yeasts, or yeast fungi, or sprouting fungi (Blastomycetes).

3. Moulds, or mould fungi (Hyphomycetes).

The first group, the bacteria, is of the greatest significance, because
it contains organisms which are very frequently the excitants of scrious
disease.

The scope of this work does not permit more than a brief outline of
the rapidly increasing knowledge of the forms, nature, and performances
of the bacteria. For details we refer to special treatises on bacteriology.:

1. Bacteria.
MORPHOLOGY, PHYSIOLOGY, AND DISTRIBUTION.

Bacteria are minute unicellular plants devoid of chlorophyll, multi-
plying by transverse division and in some cases preserving the species
by the formation of spores.

The colorless, sometimes granular protoplasm is enclosed by a mem-
brane, and some forms are surrounded by a transparent capsule. Not

Fic. 93.—BACTERIA WITH FLAGELLA. F16. 94.—TrpricaL ForM8 oF BacCTERIA.
Cocct, BACILLI, AND SPIRILLA.

infrequently parts of the protoplasm appear less dense than the rest,
as if from vacuolation, and a few observers have claimed to demonstrate
in certain forms a nuclear substance.

Many of the bacteria, especially bacilli and spirilla, less frequently
the cocci, have hair-like processes called flagella which are apparently
organs of locomotion (Fig. 93). These may be single or in tufts; may be

1 Hiss and Zinsser, ‘‘ Text-book of Bacteriology,’ 1910; Park and Williams, ‘' Pathogenic Bacteria
and Protozoa, 1910.
133
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at one or both ends or over the general surface. Their number and
distribution seem sometimes to be characteristic of special forms. (See
Motility below.)

Forms of Bacteria.—The various forms of bacteria may be grouped
into three classes (Fig. 94).

1. Spheroidal bacteria.—Cocci or micrococci (singular, coccus,! micro-
coccus).

2. Rod-like bacteria.—Bacilli (singular, bacillus).

3. Spiral bacteria.—Spirilla (singular, spirillum).

All straight bacteria which have one axis longer than the other are
called Lacilli, even though the form is oval rather than rod-like. The
ends of bacilli may be square or rounded, and in stained preparations, in
some cases, concave.

While the cocci elongate a little in preparation for fission and in this
condition present a slight irregularity in the length of their axes,and thus
resemble bacilli, the complete observation of their life cycle rarely permits
error in the determination of the primary group to which a given micro-
organism belongs.

Variations in Form and Size.—Some bacteria present slight modifica-
tions of the fundamental form in certain phases of their growth and under
various chemical and physical conditions. Thus some of the cocci after
division are slightly flattened on their contiguous sides—biscuit-shaped;
certain bacilli may bulge slightly in the middle—clostridium forms; others
may be larger at one end than at the other—racket-shaped; bacilli from
the same culture may present considerable irregularities in breadth and
especially in length. The morphology may
o o° ‘ differ somewhat under different grow.th con-
S o , ditions. But these slight variations in form
rarely give rise to scrious difficulty in classifi-
(4 cation.

Finally, when bacteria are placed under
conditions unfavorable for the maintenance
Fia. 95.—Bacreria wite Cap-  Of their life processes, and when they are

svLes.  (Pneumococcus.) dead, they are often irregularly swollen and
contorted or may undergo partial disintegra-
tion, giving rise to what are known as “involution forms.”

While all bacteria are minute? there is among them considerable
diversity in size, some being many times larger than others.®

Certain bacteria, those of the diphtheria group for example, contain
deeply staining bodies called metachromatic granules the nature of which
is as yet undetermined.

Reproduction of Bacteria.—When the bacteria are about to multiply
by fission they elongate, a dividing septum forms, they become con-

'Pronounced kok’-us, plural kok’-si. The term micro-organism includes all of these forms of minute
and lowly plants. They are sometimes spoken of collectively as germs or microbes.

? Some forms, those for example inducing the pleuro-pneumonia of cattle, are beyond the present
resolving power of the microscope — ultramicroscopic.

3 For convenience of expression microscopists have agreed to let the letter a stand for the word
mi-romillimetre, which is one-thousandth part of a millimetre. This unit of measure, equal to about
one-twenty-five thousandth of an inch, is often called a micron.
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stricted at a right angle to the axis elongation, and finally two inde-

pendent organisms are produced.

The multiplication of bacteria by

fission may, when the conditions are favorable, occur so rapidly! as to
. . . ) . ! 3 3 .
give rise within a few hours to an enormous number of new individuals.

AGGREGATIONS OF BACTERIA.—
In many cases, the new individuals
thus developed fall apart in a form
identical with that of the parent
cell. In some species, on the other
hand, the new-formed individuals
are prone to cling together with
greater or less tenacity, thus giving
rise to growth aggregates which are
more or less characteristic (Fig. 96).
Thus among the cocci there are
those in which a large part of the
new individuals cling together in
pairs. These forms are called diplo-
cocct. In others the pairs cling
together in longer aggregates or
chains. Such are called streptococct.

o : Y K g f"\-}
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F1G. 96.—GROWTH AGGREGATES OF BACTERIA.

1, Diplococcus; 2, streptococcus; 3, meris-
mopedia; 4, diplobacillus; 5, streptobacilli; 6,
curved bacteria forming chains.

A similar occurrence in the
bacilli gives rise to diplobacilli and streptobacilli. Some of the spiral forms
are due to the close junction end to end of oppositely curved segments.

Certain cocci divide in two directions at right angles to each other,
giving rise to four cocei clinging together and lying in the same plane.
These are called tetrads or merismopedia.

Finally cocci may divide along three planes at right angles to each
other, giving rise to cuboidal packets of cight germs or some multiple of
this—such growth groups are called sarcina? (Fig. 97).

Higher Bacteria.—There is a family of fila-
mentous or branching organisms which are often
spoken of as polymorphous or higher bacteria, some
of which may indeed be links between the bacteria
and higher plant forms. Filamentous bacteria are
more or less distinctly segmented, and the segments
may be enclosed in a common sheath. The modes
of reproduction and a certain specialization of func-
tion of different parts of the filaments which is
frequently present indicate affiliations with higher
forms. By this specialization of function is meant the attachment of the
threads at one end to the substance on which they grow, and the forma-
tion at the free ends of structures which appear to be concerned in the
reproduction. Several groups of these organisms have been named, but

F1G6. 97.—SARCINA.

Showing growth aggregates
in cuboidal masses.

t A. Fischer has estimated that the cholera spirillum may undergo complete fission at intervals of
about twenty minutes so that a single organism might give rise under favorable conditions, could these
be secured, to 1600 trillions in twenty-four hours.

? Bacteria in masses embedded in and held together by a more or less abundant homogeneous
material which they elaborate are called zodglea.
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few of them have as yet been adequately studied. The groups strepto-
thriz, cladothriz, crenothriz, leptothriz may be named. Among these the
streptothrix (nocardia) is of the most significance here, since pathogenic
forms are known.! The Streptothriz actinomyces, and closely related
specics, and the lesions which they induce, will be described later.
There are many reasons for the belief that the forms called streptothrix
and actinomyces are more closely related to the moulds than to the
bacteria, but the scope of this work does not permit the discussion of the
subject, particularly difficult as it is on account of the confusion of terms
and the lack of sufficient knowledge of the life history of the organisms
involved (seec Actinomyeces, p. 231).

Variations in Forms.—Their apparently simple structure and the
lowly position which bacteria occupy in the scale of living things have
given rise to the conjecture that marked changes in form within the
limits of the primary groups, or even changes from one primary group
to another, may be brought about by alterations in environment, food,
etc. In the early days of the exact study of bacteria this belief in
pleomorphism in bacteria found ready currency. But the more exact
study of separate forms, which the new technique has made possible,
has led to the general acceptance of the view that variations do not occur
except within comparatively narrow limits, and that what we are
accustomed to call species of bacteria maintain their morphological
characteristics with tenacity under the most varied changes in environ-
ment, even though these persist through the countless generations which
may pass within the limits of a single experiment. The physiological
characters of bacteria are, as we shall presently see, subject to wide and

significant variation, but, so far as we can now see,

monomorphism widely, if not exclusively, prevails.

' Spores.—Under a variety of conditions, the limi-

' tations of which are not very well understood, new

) bacteria are produced, and the species is perpetu-

ated, not by simple division, but by the develop-

Fia. 98— Baciuis SHOW-  ment of spores. The most common mode of spore

The bodies of the bacilli formation is called endogenous. A small, shining

e e e sy MAss makes its appearance within the protoplasm

fuchsin. from which it is formed, grows more and more dis-

tinct, and finally appears as a sharply defined

spheroidal or oval, strongly refractile colorless body surrounded by a

limiting membrane (Fig. 98), which can be separately stained and may

remain within a cell membrane or may free itself by degeneration of

the latter. Endogenous spore formation is common in bacilli, rare in

spirilla and in cocci. The spores appear to be surrounded by a dense

envelope, and are, as a rule, much more resistant to deleterious agencies,

such as heat, drying, chemicals, etc., than are the vegetative forms of
the bacteria themselves.

Spores, when placed under favorable conditions in the presence of

! Some organisms commonly called bacilli—tubercle bacillus for example—may belong in this
group.
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moisture and nutriment, swell, become less refractile, and develop into
the usual vegetative form. The actual observation of this transformation
is, in doubtful cases, the only absolute guarantee of the spore nature of
these bodies, though staining methods are useful. Another method of
sporulation—arthrogenous—has been described, but its nature is not well
understood.

Motility.—Some bacteria are capable of performing rapid movements,
others are not; and the same form may be at one time motile and at
another immotile, depending upon external conditions. Movement is
largely confined to the rod-like and spiral forms, but has been observed
in the spheroidal.

It has been shown that certain of the motile bacteria, when sus-
pended in fluids, are attracted toward, or repelled from, dissolved chem-
ical substances. This is called chemotaxis (see p. 85), and it is termed
positive or negative according as the organisms are attracted or repelled.

Conditions of Life, Growth, and Multiplication.—The bacteria require
for their nutrition carbon, hydrogen, oxygen, and nitrogen, and certain
mineral salts. These they can obtain from proteids and carbohydrates.
Free oxygen is necessary for the growth and activities of some forms of
bacteria and not for others.

Nitrogen may be obtained by some bacteria from inorganic salts of
ammonia, from nitrites and nitrates. Bacteria grow best as a rule in an
organic food medium, especially soluble albuminous material which is
neutral or slightly alkaline. Most of these materials are rendered avail-
able as food by the action of enzymes—inverting, sugar-splitting, proteo-
lytic, etc., often given off by the organisms and acting upon the albu-
minous materials.

Those bacteria which require free oxygen are called aérobic. Those
which do not grow in its presence are called anaérobic. But between
these extremes there are forms which make shift to grow without oxygen
under favorable conditions, though they make use of it when present;
others grow in its presence, though flourishing best in its absence: these
are called facultative aérobes or facultative anaérobes, in distinction from
those first mentioned, which we call obligate aérobes or anaérobes.

Bacteria are active only in the presence of moisture. When this and
other conditions favoring their activity fail they do not necessarily die,
but some forms may remain, either as spores or as fully developed organ-
isms, for long periods dry and inert, but capable of resuming their ac-
tivity whenever they are again restored to favorable conditions.

Effects of Temperature, Light, etc.—Some bacteria are and some are
not very sensitive to changes of temperature. At a temperature below
+5° C. they are incapable of marked activity or proliferation. At +7°C.
a slow growth has been observed in various specics. Many forms may
remain alive for long periods frozen in ice, while some are not killed by a
temperature of —250° C. As the temperature is raised their activities
increase up to a certain point. It may be said in general that they are
most active at about the temperature of the body, although species differ
considerably in this respect. In fluids many bacteria are killed by a
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prolonged exposure to a temperature of from 50° to 70° C. or even less.
On the other hand, certain species grow at a temperature of from 60° to
75° C. Such are called thermophilic bacteria. When dry they resist
much higher temperatures than when moist. All known bacteria, save
a few very invulnerable spore-forming species, are killed by a short ex-
posure in the presence of moisture to a temperature of 100° C. The
spores are, as a rule, more resistant to high temperatures than the bacte-
ria themselves, some having been exposed, dry, to a temperature of 140°C.
without destruction of life. Fluids containing the spores of bacteria
which resist very high temperatures may be sterilized by boiling for a
short time, then being allowed to stand at ordinary temperatures for
several hours, and then again boiling; this process being repeated several
times. In this way, although the spores themselves are not killed by the
heat, the bacteria into which, if the conditions be favorable, they develop
during the intervals are killed, so that finally the medium is entirely freed
from both living spores and adult bacteria. Strong light is in general
inimical to the life and growth of bacteria, and by direct sunlight many
forms are readily killed. Various forms of electricity, rapid and contin-
ued vibration, the action of radium, etc., may kill bacteria.

Germicides.—Certain chemical agents, when brought into contact
with bacteria, greatly reduce their activities or destroy their life alto-
gether; but different species differ greatly in their capacity of resistance
to these agents. The spores of certain bacteria are exceedingly re-
sistant, much more so than the bacteria themselves, to the action of
disinfecting agents. Among the chemical substances commonly used
as disinfectants may be mentioned formalin, carbolic acid, and espe-
cially solutions of corrosive sublimate, which is very inimical to the life
of most bacteria and their spores, even in extremely dilute solutions.

Metabolism of Bacteria.—The metabolism of bacteria may be destrue-
tive or constructive. Their destructive or catabolic activities find expres-
sion in the fermentation of carbohydrates and in the cleavage of pro-
teids and fats. Their constructive or anabolic activities are exemplified
by their building up of nitrogenous compounds in the soil. We cannot
here enter into the details of these processes, which must be sought in
special treatises.

But it may be said in brief that a large number of complex chemical
substances are elaborated during the growth of bacteria, their nature
varying with the species of bacteria and the composition of their nutrient
material. Some of the chemical compounds set free by the growing
bacteria are bad-smelling or aromatic; some are inert and harmless sub-
stances; some are powerful poisons, and may, when they have accumu-
lated in the fluids where they grow, inhibit activity and growth or even
destroy the bacteria which have produced them.

Fermentations and putrefactions are due to the activities of micro-
organisms, some to bacteria, some to ycasts, some to moulds. Putrefac-
tion is a form of fermentation in which nitrogenous compounds are de-
composed by micro-organisms setting free, especially in the absence of
oxygen, bad-smelling substances.
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Bacteria which induce fermentation are called zymogenic—and each
species induces fermentation of a particular character in the presence of
a special substarce, as glucose, or members of a certain class of substances
such as carbohydrates. Some of these fermentations are important in
the arts; some are concerned in the changes which food products undergo
under natural or artificial conditions, such as the development of kou-
myss from milk and the common butyric, lactic, alcoholic, and other
fermentations.

The chemical changes which are induced by micro-organisms in the
process of fermentation are extremely complex and little understood.

Bacteria may develop, in their metabolic activities, soluble ferments
or enzymes of various kinds resembling diastase, pepsin, trypsin, rennet,
etc. These may remain in the bacterial cell or may be diffused into the
surrounding media. It is through these enzymes that the fermentations
and proteid cleavages so characteristic of many phases of bacterial
metabolism are carried on.

Many bacteria form pigments as they grow (chromogenic bacteria).
This pigment may be developed in or upon the germs themselves or may
be diffused through the surrounding media and may be developed only
in the presence of light, oxygen, etc. Gas-producing bacteria are called
aérogenic. Certain species when growing in masses emit a phosphor-
escent light—photogenic bacteria.

Bacterial Poisons.

Ptomains.—Certain basic chemical compounds resembling the vege-
table alkaloids and which are formed by the action of bacteria upon
various kinds of organic matter are called ptomains.! Some of the
ptomains resulting from the breaking up of the protein molecule by bac-
teria in decomposing meat, fish, ctc., are poisonous, though not appar-
ently of as much importance as was believed in the earlier days of
bacteriology. But ptomains should be clearly distinguished from the
trie toxins now to be considered.

Toxins.—True bacterial toxins are poisonous substances produced by
bacteria whose exact chemical structure is as yet unknown. They seem
to be analogous in nature to enzymes and may be given off in artificial
culture, as in the infective processes, during the metabolic activities
of bacteria, like secretory or excretory products. The poisonous sub-
stances elaborated in the growth of the diphtheria and the tetanus bacilli
are typical toxins. These toxins are especially characterized by their
capacity to stimulate the body-cells, when the latter are called upon to
adapt themselves to their presence, to the formation of antibodies (see
page 165). ’

Endotoxins.—On the other hand certain bacteria which develop toxic
substances do not set these free as they are formed but store them in or
build them into the structure of their bodies whence they are freed
only after the death or disintegration of the bacterial cell through autoly-

1 Leucomatins are basic products produced in the tissues of living animals by cell metabolism.
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sis or some external agency. Such toxic substances stored in the texture
of the bacteria are called endotoxins and they do not appear directly to
stimulate the organism to the formation of antibodies.

It may be doubted whether the fuller knowledge of the future will
justify so sharp a distinction between bacterial toxins and endotoxins
as is at the moment usually made.

But the distinction is useful at present and of greatest significance in
forming our conceptions of the nature and phases of immunity.

The important thing to remember in this connection is that it is
through the action of these toxins, whether soluble and eliminated during
the life and functional activities of the bacteria or stored up in their
bodies to be set free only upon their disruption, that the most striking
damage is wrought in the organisms when body-cell and bacterial cell
strive to adapt themselves to one another in the processes of infection
which we are presently to study.

It is probable that there is still another group of toxic substances
derived not directly from the bacteria but from the action of certain
products of bacterial metabolism upon body proteids, so that it may be
through these secondary toxic albumoses that some of the serious mani-
festations of infection and intoxication are induced.

The Rdle of Bacteria in Nature.—The bacteria play a very important
réle in nature in virtue of their power of feeding upon and decomposing
dead organic material. A part of the new chemical compounds which
are thus formed may be used by the bacteria for the purposes of their own
nutrition and growth, while the rest are set free to serve, sooner or later,
as food for other forms of plants or animals. In the decompositions
which are brought about in nature by the bacteria those compounds of
nitrogen and carbon dioxide are set free which are essential for the nutri-
tion of the higher plants.

Without the activities of bacteria, life could not be long maintained
upon the earth, since the necessary carbon, hydrogen, oxygen, and nitro-
gen would soon be permanently locked up in unavailable form in organ-
ized material. Through the action of the various nitrifying bacteria in
the soil, ammoeonia is decomposed with the formation of water and nitrous
acid; nitrous is converted into nitric acid. The so-called denitrifying
bacteria reduce nitrates to ammonia and to nitrites. In these ways,
among others, water percolating through the soil may be freed from
objectionable organic compounds. There are certain soil bacteria which
aid special groups of plants to fix nitrogen from the surrounding media
and make it available for the uses of the plant.

Distribution of Bacteria.—Bacteria are widely distributed in the air,
in.water, and in the superficial layers of the soil, where they may be pres-
ent in enormous numbers. They are especially abundant among the
habitations of man, or wherever under favorable conditions of moisture
and temperature animal or vegetable substances are undergoing decay.
They cling tenaciously to moist surfaces, but when dried, and especially
when dried upon comminuted material, they may float in the air as dust.
In quiet air they gradually scttle with other forms of dust on to horizon-
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tal surfaces, and thus in closed, still rooms the bacteria-laden air may in a
few hours almost wholly free itsclf of its living contaminations by a proc-
ess analogous to sedimentation in water.

This wide-spread transportation of bacteria as dust by moving air, and
the spontancous cleansing of the latter by the settlement of the germs,
are important factors in the sanitary problems which the complex con-
ditions of modern life present.

While bacteria may live for long periods in the dried state in dust
they do not in this condition multiply. But the upper three or four feet
of the soil forms the great abiding, and when moist, the breeding place
of the myriads of germs which are concerned in the salutary work of
food preparation for higher plants. Large numbers of mould spores are
frequently mingled with the bacteria in dust and soil.

Surface waters almost always contain bacteria, which may have en-
tered by aérial dust or from the wash of adjacent soil or from direct
human or animal contamination. Many bacteria find in water favorable
conditions of life and flourish on what to other forms would be but scanty
nutriment. Many pathogenic bacteria may remain alive for consider-
able periods in water, but they do not usually thrive there.

The water which in many places lies in hollows of the rocks, bathing
the deeper layers of the soil or gathered in caverns and recesses beneath,
is called ground water. This under favorable conditions is almost wholly
free from micro-organisms; these, through the complex processes of filtra-
tion, germ metabolism, etc., which go on in the upper soil layers, having,
together with inorganic contaminations, been largely retained or trans-
formed as the surface water has slowly sought the lower levels.

The Relationship of Bacteria to Other Living Beings.—So far as we
know, with few exceptions, the bacteria whose natural habitat is the soil
or air or water are not, under usual conditions, harmful to man. On the
other hand, it is germs from the bodies of men or animals who are the
victims of infectious disease, gaining access in one way or another to
these great reservoirs and sources of distribution, which occasionally
render the bacterial flora of soil and air and water of direct personal
significance to man.

It will be seen from what has been said about bacteria and their
various modes of life that some live in or upon and at the expense of
other living beings—the hosts—these are parasites. Others which live
and grow apart from a living host are called saprophytes. In either class
there are forms which, through the capacity of adapting themselves to
their environment, can maintain at one time a parasitic, at another a sap-
rophytic life. Such germs are called, respectively, facultative parasites
or facultative saprophytes. Those,on the other hand, whose life is strictly
limited to the parasitic or saprophytic condition are called obligatory
parasites or saprophytes.

Not all the bacteria which live in or upon the bodies of men and
animals are in the stricter sense parasites. The terms messmates and
commei:sals have been applied to such organisms as simply live with, but
do not necessarily derive nutriment from, the host.
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In some cases parasitic life on the part of the micro-organism may
contribute to the welfare of the host. This is the case in some bacteria
which live upon the roots of certain leguminous plants, and to whose
nutrition they contribute by rendering atmospheric nitrogen directly
available for the host. This condition of life is called symbiosis.

Species and Varieties.—As has already been indicated, the morpho-
logical characters of bacteria are so little subject to permanent variation
under the widest diversity in the conditions to which they are subject
that we are justified in the belief in fixed species. But so susceptible to
external conditions are the functional activities of many species that not
only is the occurrence of what may be called varieties within specific
limits frequent under natural conditions, but more or less permanent
variations may be experimentally produced

Modifications of Functional Characters.—Almost all of the functional
activities of bacteria upon which we rely as descriptive characters may be
experimentally altered; thus the color-producing capacity may be dimin-
ished, the peptomzmg and fermentative activities lowered, the patho-
genic powers reduced or exalted, and even the capacity for spore forma-
tion may be abolished.

These more or less permanent modifications of function in bacteria
may be induced by artificial cultivation under adverse conditions of tem-
perature and nutrition, by the presence of deleterious chemical agents,
antiseptics, etc., or by association with the body-cells and juices in sus-
ceptible or insusceptible animals.

CLASSIFICATION OF BACTERIA.

The beginning of the systematic study of bacteria by exact and re-
liable methods is of such recent date, they are so minute, and our present
optical apparatus reveals so few differential morphological characters.
and so few, withal, of the many existing forms have as yet been studied
that a satisfactory classification or nomenclature of the bacteria is not yet
possible.

Outside of the limit of the primary classes above described and based
upon the form, position of flagella, and motility, we are obliged to use for
the purposes of identification and description the results of physiological
activities which the special forms of bacteria display when placed under
diverse and usually entirely artificial conditions of food, temperature, and
general environment, It is evident from this condition of affairs that
what in our attempts at classifications we are wont to call genera and
species, are not such in the strict sense in which these terms are used in
other domains of biology. That which corresponds to the generic name
in the more exact vocabularies is in ours usually the growth form which
indicates the primary class to which the germ belongs, as coccus, bacillus,
or spirillum, or some growth modification of this, as diplococcus, strep-
tococcus, streptobacillus, and the like. To this is usually appended a
more or less distinctive specific name, which ordinarily indicates some
noteworthy physiological capacity of the germ, such as its peptonizing
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power, the pigment which it elaborates, some prominent chemical reac-
tion which it initiates, some marked effect upon an artificial culture
medium, its disease-producing power in men or animals, or some fact
about its habitat, or the situation in which it was found. All of these and
other heterogeneous characteristics, largely functional, which may be
developed under natural or artificial conditions, constitute data in the
life history of germs upon which the classification and nomenclature of
bacteria are at present based.

Notwithstanding the value of this principle of grouping and nomen-
clature, its inadequacy even for temporary use is-becoming painfully
evident as research proceeds, partly because of the large variations to
which physiological activities are liable, and partly because we cannot
always sharply distinguish between races, varieties, and species.

Methods of Morphological Study of Bacteria.

The simplest mode of studying bacteria is to examine them either in the fluids in
which they grow or in one-half-per-cent. salt solution. For the study of many of the
phenomena of life this method is important.

This may be accomplished by the examination of a thin layer of the fluid under a
cover-slip, in the usual way; or a small drop may be placed on the cover-slip and this
inverted on a hollow slide so that the observation is made in the hanging drop. A
streak of vaselin painted around the edge of the cover will prevent evaporation of the
fluid.

STAINING.— By far the most important aid in the morphological study of the baec-
teria is derived from the use of staining agents. Most of the bacteria are stained more
or less readily by one or more of the basic anilin dyes. The ease with which they are
colored varies considerably in different species and with the different dyes. The tissue
elements, and a variety of other materials with which the bacteria may be associated,
also stain more or less readily at the same time; but most of these part with their color
more readily than do the bacteria on being treated with alcohol or dilute acids. It is
thus possible to obtain a differentiation in color between bacteria and other structures.
The bacteria, moreover, differ among themselves in respect to the tenacity with which
they hold their stain in the presence of decolorizing agents, and upon this fact is based
one of the important methods of distinguishing between different species.

The anilin dyes more commonly employed for bacteria staining are fuchsin, gen-
tian violet, and methylene blue. A saturated alcoholic solution of these dyes should
be kept in tightly stoppered bottles, and from these the more dilute solutions required
for staining may be prepared. For ordinary purposes one part of alcoholic solution
of fuchsin or methylene blue, added to twenty parts of water, will give a staining
solution of suitable strength.

Special stains and modes of staining, such as are necessary for some forms of bac-
teria—the tubercle bacillus, for example—will be described under the appropriate
headings.

To Stain Bacteria in Fluids.—A small drop of the fluid is placed on a clean cover-
glass, spread a little with a needle, and dried by gentle heat. The cover-glass is now
held with the forceps, specimen side up, and passed moderately rapidly three times
through the flame of an alcohol lamp or Bunsen burner. The material on the cover
should not be burned. This heating not only fixes the contents of the fluid firmly on
to the glass so that it will not easily soak off, but renders insoluble any albuminous
materials which may be mixed with the bacteria, and which might otherwise interfere
with subsequent examinations by forming granular precipitates.

A drop of the aqueous staining fluid is now put on to the dried specimen on the
cover-glass, and if this be held in the forceps and tilted slightly up and down a few
times 80 as to bring fresh portions of the staining fluid into contact with the bacteria,
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the staining will usually be completed in two or three minutes. The stain is now
washed off with a jet of water from the wash bottle, and the specimen is either mounted
in a drop of water for temporary study, or the washing water is drained off and, after
drying in the air, it is mounted directly in balsam. It is well to use balsam which has
been softened, when this is necessary, with oil of cedar or xylol rather than with
chloroform, since this is apt to decolorize the bacteria. Solid cultures of bacteria
should be mixed with a little water and spread on the cover-glass before drying and
staining.

Gram's method (see below) is often useful and in some cases almost indispensable
for the differential staining of bacteria.!

To Stain Bacteria in Tissues.—The tissues should be well hardened in alcohol.
Thin sections are placed in the above-described aqueous coloring solutions, where they
may remain from five to fifteen minutes. In some cases a much longer staining is nec-
essary. Gentle warming (40° to 50° C.) will hasten the staining. The entire tissue as
well as the bacteria is in this way deeply colored. The sections are rinsed with dis-
tilled water and then placed in alcohol. This, with varying degrees of rapidity with
different stains and tissues, gradually extracts the color from the tissue, most slowly
from the nuclei. The time required and the exact degree of decolorization to be sought
for must be learned by experience in different cases. Sometimes five, sometimes
thirty minutes are required, sometimes only a few seconds. It is often necessary, and
the decolorizing of the tissue is thereby hastened, to add a few drops of acetic acid to
the alcohol. When acetic acid is used it should be finally thoroughly washed out by
alcohol. The specimens are now cleared up by oil of origanum and mounted in
balsam. In specimens prepared in the above way, the nuclei of cells usually retain to
some extent a color similar to that of the bacteria, but their size and shape serve for
the differentiation.

Gram’s Method.—This is a much more generally useful method of staining bacteria
in the tissues than that just given, although not in all cases applicable. The sections
are stained for from two to four minutes in anilin-gentian-violet solution, prepared by
adding 1 c.c. anilin oil to 10 c.c. distilled water, shaking thoroughly, and filtering
off the excess of anilin oil through a moistened paper filter. To the clear filtrate, satu-
rated alcoholic solution of gentian violet is added, in the proportion of about 1 of the
dye to 10 of the anilin solution.

From the staining solution the sections are transferred to a solution of iodine in
potassium iodide and water (I 1.0—KI 2.0—H,0 300.0), remaining from one to three
minutes, when they are transferred to strong alcohol; this should be changed two or
three times so as to dehydrate the specimen, which at the same time will lose much of
its color. The section is cleared in oil of origanum to which a little eosin has been
added, and mounted in balsam. In specimens prepared in this way the bacteria and
some of the nuclei are violet, the remainder of the tissue is red.

In this as in other methods of staining bacteria in tissue the section is liable to
shrivel and curl. This may in many cases be avoided by fixing the sections on to the
cover-slip with albumen fixative (see p. 1034) before the staining begins, carrying
cover-glass as well as section through the subsequent processes. Since some bacteria
are decolorized by Gram's method it is not applicable to the staining of all organisms
in tissues. It is often a valuable aid in the differentiation and identification of species
with similar morphology—and in some instances, as in the staining of gonorrheeal pus,
has an especial diagnostic value (see p. 222).

Weigert's Modification of Gram’s Method.—The sections are laid for half an hour in
the anilin-gentian-violet solution prepared as above, then rinsed off in three-quarter-
per-cent. salt solution and spread on a slide. They are now dried with blotting-paper
and covered for two minutes with the iodine solution. The iodine solution is now
washed off in the water, the section dried with blotting-paper, and decolorized with
anilin oil of a mixture of 2 parts of anilin oil and 1 part of xylol, several times renewed.
Finally the sections are cleared in xylol and mounted in balsam.

In many cases it is well to accomplish a double staining by a preliminary contrast
stain. Thus, before the use of Weigert’s modification of Gram’s stain the sections may

1 For the methods of staining spores see special works on bacteriology.
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be put for half an hour in a solution of picro-carmin, then rinsed in water and stained
as above. By this modification of Gram’s method, fibrin is deeply stained.

Loffler’s alkaline-methylene-blue solution is a very valuable and powerful stain for
bacteria, either in fluids or in tissues.

It consists of—

Saturated alcoholic solution of methylene blue, ....... 30 parts
Aqueous solution of caustic potash 1 : 10,000, ........ 100 parts

For staining bacteria in tissues the stain is allowed to act for a few minutes. The
section is then put for a few seconds in one-half-per-cent. acetic acid, then rinsed in
water, and the superfluous color removed from the tissue by repeated rinsing in alco-
hol, which at the same time dehydrates it. Then it is cleared with oil of cedar and
mounted in balsam. Care should be taken not to remove too much color with the
alcohol.

It should always be borne in mind in staining the bacteria that great exactness is
not usually necessary either in the strength of the coloring solutions or in the time of
exposure of the bacteria to them. We are seeking for certain effects—namely, the
staining of the germs—and this depends not only upon the quality and strength of the
dye, the time of exposure, etec., but also upon the nature of the bacterial species and its
conditions at the time the staining is undertaken. Thus it not infrequently happens
that bacteria which will stain readily and deeply with a given solution when they are
in a condition of active growth, may be scarcely at all colored if they have been dead
or inactive for a long time, although their outward shape appears to be unchanged.
So it should be remembered that, while there is little difficulty in most cases in staining
the bacteria, the operation is not one of mere routine, but requires intelligent attention
to the particular conditions of the species in hand.

For the recognition and study of bacteria the best optical apparatus is requisite.
An homogeneous immersion lens (at least one-twelfth) and the Abbe condenser are
indispensable for ordinary work.

Artificial Cultivation of Bacteria.

For a consideration of the methods of Artificial Cultivation of Bacteria, we refer
to special works on Bacteriology, ref. p. 319.

Collection of Material for Bacterial Cultures.

Material obtained from the human body which is to be subjected to bacterial ex-
amination should be collected with every precaution against accidental contamination.
A convenient mode of collection and transportation of small quantities of fluid or
semi-fluid material, such as exudates, discharges, etc., for purposes of bacterial exami-

F1c. 99.—STERILIZED COTTON SWAB IN A STERILIZED TUBE, FOR COLLECTING FLUIDS CONTAINING
BACTERIA.

nation is to twist a small wad of absorbent cotton on to the end of an iron or steel wire
about five inches long, put this, swab end foremost, into the tube (Fig. 99), plug the
mouth with cotton, and sterilize the whole in a dry oven for an hour at 160° C.
Several of these cotton swabs may be prepared at once and kept on hand. The
swab, carefully removed and saturated with the material to be examined, is at once
returned to the tube; this is plugged, and may be thus safely transported.*
1 For further suggestions for the collection and examination of specimens for micro-organisms, and

for references to studies on the bacteria of the human body, see pp. 150 and 151. Consult for details
of species, general works on bacteria, especially Kolle and Wassermann's ** Mikroorganismen '

10
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II. Yeasts.

These micro-organisms—larger than bacteria and mostly saprophytes
—consist of oval or spheroidal cells with granular protoplasm and a thin
membrane. They multiply by sprouts or buds from the parent cell
(Fig. 100). The new individuals may separate from the old, or may
cling to them so that chain-like combinations may
occur. They sometimes form endogenous spores,
known as ascospores. Some species develop bright
colors in their growth.

There are many forms of yeasts which are con-
Fio. 100—Yeasr— c€rned in various phases of fermentation. Some of

Saccharomyces.  these, alcoholic fermentation for example, are of great

economic importance.! Certain forms of yeasts flourish

in the stomach during digestive disorders and in the bladder in diabetes

without inciting lesions. Various yeasts have been proven to be patho-
genic in lower animals and in man.

Blastomycotic dermatitis® (Oidiomycosis) is a localized inflammation,
papular and pustular in character, leading to warty outgrowths, to the

R S
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F1g. 101.—O1mpiomycosis Curtis—Blastomycotic dermatitis.

From skin lesions, showing giant cells containing the oidium with mast cells and eosinophile cells
in the adjacent tissue just benenth the epithelium.

formation of abscesses beneath the skin, and to uleers. Deeper parts,
such as bone, may be involved. Hyperplasia of epithelium and develop-
ment of granulation tissue beneath with the formation of giant cells

1 For a consideration of the relationship of micro-organisms to various forms of fermentation, with
bibl., consult Jorgenson, ‘* Micro-organisms and Fermentation,”” Eng. Transl. 1800.

? Gilchrist, Johns Hopkins Hospital Reports, vol. i., p. 269, 1896. For a résumé of pathogenic
blastomycetes with experiments and bibliography, see Foulerton, Journal of Pathology and Bacteriol-
ogy, vol. vi., p. 37, 1900; and Sternberg, Ziegl. Beitr., Bd. xxxii., 1902, p. 1; also Ricketts, ‘* Blastomy-
cosis of Skin,” Jour. Med. Res., vol. vi., 1901, p. 377: also Otis and Evans, Jour. Am. Med. Assn., vol.
xli., p. 1075, 1903; also Bassoe, Jour. Inf. Dis., vol. iii., p. 91, 1906; and /rons and Graham, tbid., p. 666,
19086.
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(Fig. 101), mast cells, and eosinophilic cells may be associated with the
local growth of the blastomycetes and the formation of abscesses, the
latter often intra-epithelial. The local lesion may extend to the involve-
ment of large areas of skin and subcutaneous tissue.

The organism—Oidium—is prescnt in the involved tissues as a rounded
double contoured body (Fig. 102), varying in diameter from 10 to 20pu.
It sometimes buds and contains various rounded refractile or granular
structures. These organisms may be enclosed in a homogeneous jelly-
-like mass. They are readily cultivated in
artificial media and can be successfully inoc-
ulated into animals, such as the guinea-pig.

Generalization of the blastomycotic in-
fection may take place and be fatal. In
the systemic disease the lungs, spleen, and
kidneys are especially involved in the
formation of abscesses and local tissue
hyperplasia containing the organism.

There seem to be several forms of blasto-
mycetes among the pathogenics already
described, but their classification is unsatis-

factory.
Thrush.—A micro-organism frequently
found growing in the mouth and fauces Fia. 102.—O11ux ¥RoM A Casp

. . oF Ompromycosis Cutis (Blastomy-
and cesophagus of children, in the form of ¢otic dermatitis). Y

a whitish pellicle, is the so-called Oidium

albicans, which consists of branching, jointed threads and spores which
penetrate between the epithelial cells. This fungus may assume
considerable importance, when in very feeble children it blocks the
esophagus, or when, as is rarely the case, from the surface of ulcers it
penetrates the blood-vessels and gives rise to visceral metastasis. It is
grouped with the yeasts, and the disease with which it is associated is
to be regarded as an oidiomycosis.

III. Moulds.

The moulds are considerably more complex in structurc than either
the bacteria or the yeasts. Some of the forms are very common and
universally known. In general, it may be said that the moulds consist
of a series of delicate, translucent, branching jointed threads—mycelium
—usually giving rise to hyphe, from which, either directly or in more
complex forms through the intervention of a special structure, the sporan-
gium, the spores are developed (Fig. 103). The moulds which are apt to
occur in the human body may be of the former, more simple, or of the
latter, more complex, type.! Among the simpler forms of moulds which
occur in the body may be mentioned the Achorion Schénleinii, Microspo-

1 See Renon, ‘' Etude sur I'aspergillose chez les animaux et chez I'homme,"” Paris, 1897; also Leo-
pold and Levi, Gaz. des Hopitaux, June 26th, 1897, bibl.; also Pierson and Ravenel, University Med Mag.,
August, 1900; also Sayer, **Pneumonomykosis aspergillina,” Jena, 1900.
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ron furfur, Trichophyton tonsurans.

resemblance between these forms.

PLANT PARASITES

There is a close morphological

The Favus Fungus (Achorion Schonleinit), is formed of a much-branch-

F1o. 103.—ASPERGILLUS GLAUCUS.
Showing mycelium, from which arise the spore-
bearing structures, the sporangia borne upon the
hyphe.

ing mycelium from which the spores
are directly developed (Fig. 104).
It grows readily on artificial cul-
ture media, such as nutrient agar
and gelatin, at the temperature of
the body. This fungus is most apt
to grow upon the hairy part of the
head, where it forms small surface
crusts and grows into the shafts
and root sheaths of the hair, excit-
ing inflammation in the adjacent
tissue.

Ring Worm (Tinea circinata;
Herpes tonsurans).—The inciting
agents of this readily communi-
cable discase are several species of
Trichophyton tonsurans which de-
velops in the form of a moderately
branching mycelium, forming com-

paratively few spores.

It grows

in the skin, either about or apart from the hairs, or in the nails, induc-
ing the lesions of various phases of ring worm which differ considerably,
depending upon the particular structures involved. At body tempera-

ture it grows readily on artificial culture
media, differing markedly in appearance
from Achorion.

Pityriasis versicolor.—Microsporon fur-
fur, the mould fungus causing pityriasis
versicolor, is more prone than the Achorion
to the development of many spores, but
otherwise considerably resembles it mor-
phologically. It has not yect been culti-
vated on artificial media. By its infiltra-
tion of the epidermis, especially of the
body and upper extremities, it causes
larger and smaller yellowish or brownish
patches.

The Higher Moulds.—The morc com-
plex types of moulds are only occasion-

Fi1a. 104.—ACHORION SCHONLEINII—
Favus.

From a culture.

ally dwellers in the human body and appear to be but rarely the cause
of disease, passing, rather, a saprophytic existence on dcad material in

parts of the body which are in communication with the air.

Thus they

may be found growing on accumulations in the external auditory canal,
in dead tissue in the lungs, on walls of cavities, dilated bronchi, etc.
Many cases have been reported, however, in which the moulds, especially
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aspergillus, have been the apparent excitants of serious lesions in men
and animals.!

Methods of Studying Yeasts and Moulds.

The yeast organisms are in general stained and cultivated by the same methods as
those used in studying the bacteria. By treating unstained sections of tissue contain-
ing them with a solution of caustic potash the organisms may often be readily demon-
strated.

The higher moulds may be simply teased and studied in glycerin or in glycerin and
water. They may be stained with alkaline-methylene-blue solution (Léfler’ssolution,
see p. 145). When spores have formed in considerable numbers on the more complex
forms of moulds, these are not easily wetted by the usual staining fluids, because the
air clings so closely among the spore masses. Ina mixture of four parts of alcohol and
one of aqueous solution of ammonia they are instantly wetted, and may then, with or
without staining, be teased and mounted in glycerin. In studying the moulds in the
above-described skin diseases it is well, when crust-like masses are to be teased apart,
to allow them first to soak for a few minutes in a five-per-cent. solution of caustic
potash. In this solution they may be studied, or they may be teased and mounted in
glycerin for preservation. Most of the more common moulds are readily grown on
the ordinary culture media.

! For résumé and bibliography of relationship of yeasts and moulds to human diseases consult
Ricker, Lubarsch and Ostertag's ‘* Ergebnisse der allg. Aetiologie der Menschen- u. Thierkrankheiten,”
Abth. i., 1896, p. 892. See also Hektoen, Journal of Experimental Medicine, vol. v., p. 77, 1900; Plaut in
‘ Kolle and Wassermann's Handbuch,” Bd. i.



CHAPTER VIII.

THE RELATIONS OF MICRO-ORGANISMS TO DISEASE—INFECTION
AND IMMUNITY.

THE PRESENCE OF BACTERIA AND OTHER MICRO-ORGANISMS IN THE
BODY: ITS PROTECTIVE MECHANISM.

The Presence of Bacteria.—Bacteria are invariably present in greater
or less numbers in the mouth, nose, upper air passages, gastro-intestinal
and genito-urinary tracts of men and animals.! Into these places they
are more or less constantly brought by the respired air,? by food and
drink, and in other ways. They are always abundant upon the skin and
about the hairs, and the sweat and sebaceous glands. But common and
often abundant as are these germs upon the external and internal surfaces
of the body, they do not often pass through the healthy mucous or cuta-
neous surfaces,® so that under normal conditions the tissues, the viscera,
and the circulating fluids are practically sterile.*

Except for certain pathogenic forms which may, under unsanitary
conditions, have been set free and transported from men or animals
suffering from infectious disease, the bacteria upon the cutaneous or
mucous surfaces of the body are for the most part harmless; while cer-
tain intestinal forms may even be useful in promoting digestion.

Certain species of bacteria which do not often and some which never
induce disease, find in or upon the human body such especially favor-
able conditions for their existence that they are commonly present there.

The Safeguards of the Body.—The body is guarded in various
ways from the incursions of pathogenic and other bacteria, which may be
commonly present or only occasionally lodged upon its surfaces. Among
the protective agencies of the body may be mentioned the firm, dense
skin which while intact protects the interior from the entrance of almost
all known micro-organisms; the epithelial investment of the mucous mem-
branes in several places swept by cilia; the protected situation of most of
the mucous surfaces, the germicidal qualities of some of the secretions,
such as the saliva, gastric juice, mucus, ete.®

1 For a summary of facts concerning the bacterial flora of the body surfaces consult Welch, ** Surgi-
cal Bacteriology,” *‘ System of Surgery by American Authors,” Dennis. See also Ford, ‘‘ The Bacteri-
ology of Healthy Organs,” Trans. Assoc. Amer. Phys., vol. xv., p. 389, 1900, bibl.; also, ** Bacteria in
Healthy Bodies and their Portals of Entry,’ Selter, Zeits. f. Hygiene, etc., Bd. liv., p. 363, 1906.

2 For a résumé of micro-organisms in the air see Gottstein, Lubarsch and Ostertag’s ** Ergebnisse,”
Jahrgang iv., pp. 87 et seq., 1897; also Firth, ** Studies from the Department of Pathology,’ Col. Phys.
and Surg., Columbia University, vol. vii.

3 It should be remembered that the gastro-intestinal canal, the lungs, and other viscera which are
in communication with the exterior, although within the limits of the body, still form, strictly speaking,
its outside, in distinction from the intimate recesses of the tissucs in which the life processes go on.

4See p. 151.

8 For a résumé of the protective action of the skin, mucous membranes, etc., see Metchnikoff,
“Immunity in Infective Diseases,” Trans., 1905.

See for summary of protective agencies of the lungs, p. 600. For a study of the action of saliva on
bacteria see Clairmont, Wiener klin. Wochenschr., Nov. 22d, 1908, bibl.
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The Portals of Entry.—But notwithstanding the safeguards of
the body against the access of micro-organisms, these do frequently enter;
this may occur in severe injuries to the skin or mucous membranes or
through very slight and unnoticed abrasions or other solutions of con-
tinuity. Entrance may be gained to the tissues through the minute ducts
of the sebaccous or sweat glands; from the mouth, tonsils, gastro-intes-
tinal canal! and the respiratory passages and surfaces, either with or
without obvious injuries to the investing epithelia. The réle of insccts
in the conveyance of infectious agents is of great importance.*? Micro-
organisms may enter the body during intrauterine life.?

There is abundant evidence that even in health, through the pharynx,
tonsils, and intestines, a small number of bacteria frequently enter
the recesses of the body, but are safely disposed of through the
protective mechanism presently to be considered. So that while we
may, as above stated, consider the interior of the healthy body as
practically sterile, it is still possible by careful and discreet searching
to discover here and there bacterial detritus and bacteria on their way
to destruction.*

The Protective Mechanism.—When in one way or another bacteria
or other germs have entered the tissues, they may encounter a series of
obstacles to their spread or continuance as well as to their proliferation
there, even should the general nutritive conditions be favorable. In the
first place the lymph-nodes filter out of the tissue fluids micro-organisms
which have entered them, holding them back from the general circula-
tion or destroying them.* The power of certain of the body fluids and of
living cells—phagocytes—under favorable conditions to kill and dispose
of germs, is of great importance and will be referred to again.® The elimi-
nation of micro-organisms from the body through its secretions,” such as
urine, bile, milk, sweat, saliva, etc., is a matter of great significance, but
one upon which the scope of this book does not permit us to enter.?

1 For bibliography concerning the permeability of the gastro-intestinal canal for bacteria refer to
p. 681.

* Nuttall, Johns Hopkins Hospital Reports, vol. viii.,, p. 1, 1900. For studies of flies as carriers
of typhoid see Hamilton, Jour. Am. Med. Assn., vol. xl., 1903, p. 576; also Martin, Public Health,
August, 1903; also ‘‘Flies and Tuberculosis,” Lord, Boston Med. and Surg. Jour., vol. cli., p. 651, 1904;
and on spread of plague by insects, Hunter, Centralbl. f. Bakt., Orig. Bd. xl., p. 43, 1806, and ‘‘ Eco-
nomic loss by Insects,” Howard, U. S. Dep. Agricult. Bureau of Entomology Bull., 78, 1809.

3 For a résumé of studies on the congenital transmission of infectious agents see Wassermann, in
Kolle and Wassermann's ** Handbuch der Mikroorganismen,” Bd. i., p. 380, bibl.; also, Balantyne's
‘‘Antenatal Pathology,” 1902 and Lynch, Johns Hopkins Hosepital Bull., x., 283, 1902.

4 Adami on ‘‘Latent Infection and Subinfection,” etec., Journ. of the Amer. Med. Association,
December 16th and 23d, 1899; also Wrzosek, Virch. Arch., Bd. 178, p. 82, 1904; see also for an experi-
mental study of the disappearance of bacteria from the blood, Schwarz, Zeits f. Heilkunde, Abth. f.
Path. Anat., Bd. xxvi., p. 295, 1905.

8 Manfredi, Virch. Arch., Bd. clv., p. 335, 1899, for a study of the germicidal and other action of
lymph-nodes; also Bezangon and Labbé, Arch. de méd. expérimentale et d’anat. path., t. x., p. 389,
1898.

8 For studies of the capacity of the living body to dispose of bacteria when these are injected into
the blood, see Werigo, Ann. Inst. Pasteur, t. viii.,, 1894, also Batl, Arch f. Hygiene, Bd. lii., p. 272,
1905; see also Buxton and Torrey, Jour. Med. Res., vol. xv., p. 5, 1906.

7 Consult Sherrington, ‘* Experiments on the Escape of Bacteria with Secretions,” Journal of
Pathology and Bacteriology, vol. i., p. 258, 1893; Bied! and Kraus, Arch. f. exp. Path., Bd. xxxvii., p. 1,
1895, bibl.; Hintze and Lubarsch, *‘ Ergebnisse der allg. Aetiologie der Menschen- und Thierkrank-
heiten,” 1806, p. 287. For study of disappearance of bacteria from the body, see Pawlowsky, Zeits. f.
Hygiene and Infect. Krankheiten, Bd. xxxiii., p. 261; see also ref. to Asch, p. 755.

8 For a suggestive summary of the various factors which are or may be concerned in the protection
of the body against the invasion and action of micro-organisms, see Mellzer, ‘* Physiological Methods
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ACTION OF BACTERIA AND THEIR PRODUCTS IN THE BODY.

The Bacteria.—When bacteria do enter and grow in the body, the cells
and tissues near them may show very marked alterations, due to their in-
‘fluence. The cells may be swollen, or their nuclei may disappear, and the
protoplasm may be converted into hyaline material or into a mass of
transparent or coarsely granular particles, or may completely disintegrate.
The intercellular substance near the bacteria may also soften and disin-
tegrate. In a word, the tissue in their immediate vicinity is often
found in a condition of necrosis of one kind or another. The walls of
blood-vessels near which they lic may be damaged and the blood which
these carry may form thrombi. The bacteria may themselves enter the
vessels and proliferate in the blood; they may be swept away as emboli
to remote parts of the body (Fig. 56, p. 89), and ecstablish new foci of
bacterial proliferation and tissue necrosis—septicemia.

Some bacteria, instcad of inducing a simple necrosis, incite at the
same time, as we have already scen, a more or less intense inflammation
(Fig. 57, p. 90). This inflammation may be of a simple productive
form, similar in its effects to that incited by the presence of any irri-
tating foreign body; or it may be active, progressive, and exudative in
character; or the bacteria may determine, in some way as yet unknown
to us, very peculiar and characteristic inflammatory changes, which result
in the formation of new tissues of various kinds (see Tuberculosis).
Some forms of bacteria find in the blood, others in the tissue spaces and
lymph-vessels, the conditions most favorable for their proliferation.

Bacterial Poisons.—But the presence of micro-organisms themselves
is not indispensable for the incitement of either local or general pathologi-
cal processes. These may be induced by various chemical products
eliminated or stored up in their protoplasm by the metabolism of the
germs. These deleterious bacterial products may, as we have already
seen, be those alkaloidal substances called poisonous ptomains, or toxins,
or they may be albuminoid substances—toralbumins or toxalbumoses.
Stored up in the protoplasm of the germs themselves, this poisonous
material has been called bacterio-protein and endotoxin.

It seems probable that the toxic effects of some bacteria may be due
not to their immediate product but to the action of bacterial enzymes,
whose action upon certain body proteids results in the development of
the toxic albumoses which are the active damaging factors.!
of Protection of the Body against Bacteria,” Trans. of the Congress of Am. Phys. and Surg., vol. v., p.
12, 1900; see also ref. to Wassermann above.

See also for the importance of a lesion in animal tissues for the lodgment and multiplication of
bacteria within it, Cheesman and Meltzer, Jour. Exp. Med., vol. iii., p. 533: and Brewer on unilateral
infection of the kidney following injury, Surgery, Gynecology, and Obstetrics, vol. ii., p. 485, 1906;
also on the significance of granulation tissue in wound infection, Afanassieff, Ziegler's Beitriige, Bd.
xxii., p. 11, 1897; also Cobbett and Melsome, Centralbl. f. Path., Bd. ix., p. 827, 1898, bibl.; also Jurgelu-
nas, Ziegler's Beitriige, Bd. xxix., p. 92, 1901, bibl. For the role of the spleen in infection and intoxi-
cation see Courmont and Duffau, Arch. de Méd. exp., May, 1898, p. 431, and Nicolas and Beau. Jour.
de phys. et path. gén., t. iii., 1901, p. 68.

! Much of the literature on this subject has been brought together by Vaughan and Novy, ** Cellu-
Inr Toxins.” See also Vaughan, Trans. Assn. Am. Phys., vol. xx., 265, 1905. The general chemical
relationship of bacterial products to other organic compounds is set forth in Halliburton's ** Text-Book

of Chemical Physiology and Pathology'’; see also Oppenheimer on ** Bacterial Poisons’’ in Kolle and
Wassermann's ** Handbuch der Mikroorganismen,” Bd. i., p. 344.
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AcGRressins.—It has been found by Bail that when one injects into animals steril-
ized exudates induced by the action of various pathogenic micro-organisms—tuber-
cle, typhoid, and dysentery bacilli, pneumococcus, staphylococcus, ete.—together with
sublethal doses of cultures of the organisms themseclves, the death of the animal is
brought about much sooner than when the bacteria alone are introduced. Bail, as
the result of many experiments, assumes that under these conditions the exudate con-
tains substances which foster the deleterious effects of the living organisms by inter-
fering in some way with the protective agencies of the body. These hypothetical
substances he has called aggressins, and he believes them to be formed by the bacteria
as they grow in the body.! This aggressin theory has not found general acceptance
and much experimental data has been brought forward to controvert it.?

Intoxication—Toxemia.—Some of the poisons act locally at or near
the seat of their manufacture by the growing germs. Others gain access
to the body at large and are widely distributed, inducing what may be
called the phenomena of septic intoxication—toxremia.

The phenomena of septie intoxication may be induced by the prod-
ucts of bacterial growth outside of the body when these in considerable
quantity are in any way taken into it. This is true not only of poisons
elaborated outside the body by pathogenic bacteria, but also of many
forms of bacteria usually harmless. Thus are caused many forms of
food poisoning which simulate but are not actually infectious diseases,
because there is no development within the body of the disease-inciting
germs.

Similar local and general effects may be induced in the body by other
poisons than those of bacterial origin. Ricin and abrin, for example,
well-known vegetable poisons, and the venom of scorpions and of certain
snakes are closely similar in their action to the toxins which the bacteria
form either within or without the body.

It should be remembered in this connection that effects closely resem-
bling those due to bacterial or allied poison may be induced by toxie
agents developed within the body as a result of defective elimination or
faulty cell metabolism—auto-intoxication ( see p. 426).

Thus the deleterious effects of pathogenic bacteria upon the body are
but in small measure simply mechanical. Local necrosis® and inflam-
mation, albuminous degencration of cells, leucocytosis and other altera-
tions of the blood, fever, structural lesions and functional disturbances
in the nervous system, irregularitics in the circulatory and respiratory
mechanisms, hemolysis and agglutination of the red blood cells and
thrombosis,* etc., may follow the distribution in the body of bacterial
toxins.®

PROOFS OF THE INFECTIVE NATURE OF BACTERIA FOUND IN THE BODY.

It will be seen, from what has now been said of the bacteria, that in
different parts of the system in health, and in a large number of abnor-

! For a discussion of the so-called aggressins see Bail and Weil, Cbl. f. Bak., Abth. I., Orig. Bd.
xlii., pp. 51, 139, 241, 335, 437, and 443, 1906.

? See Sauerbeck, Arch. f. Hyg., lvi., 1907.

3 See Flexner, "The Pathology of Toxalbumin Intoxication,” Johns Hopkins Hospital Reports,
vol. vi., p. 259, 1897. .
Bd 4 For bacterinl heemolysins see Pribram, Kolle and Wassermann, ‘‘Handb. d. path. Mik.,” Ergiinz.

. p. 291,
5 On the theory of bacterial infection see Radziewsky, Zeits. f. Hygiene, Bd. xxxvii., p. 1.
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mal conditions, various forms of bacteria occur; but it is quite evident
that the significance which we must attach to their mere presence varies
greatly. In a large number of cases, especially when on parts exposed
to the air or in the gastro-intestinal canal, they are evidently of no more
importance than so much inorganic dust. When, however, special
forms of bacteria are uniformly present in connection with well-defined
diseases, or in their lesions, and especially if these largely preponderate,
the conjecture is certainly justified that the micro-organisms may have
something to do with their incitement. Yet in all such cases we have to
consider the possibility that it is the abnormal state of the body or the
character of a lesion, brought about perhaps in other ways, which
affords conditions suitable for the growth of this form of bacteria, and
that these may consequently be present in considerable numbers, while
in the absence of such conditions they would be unable to develop.
Even the constant presence in the body, in certain diseases, of bacteria
which evidently produce well-marked local effects, either inflammatory
or degenerative, does not absolutely prove their etiological relationship
to the disease, although it renders it in a high degree probable.

It is desirable in every case in which the evidence of the etiological
relationship of a specific micro-organism to a discase is to be set forth,
that we should be able to demonstrate the constant presence in the body
of the special form of micro-organism during some period of the disease,
obtain this by culture in a pure condition unmixed with any other living
thing or with any chemical substance not belonging to it, and finally, by
the introduction of the purified organisms into a healthy animal, be able
to induce the disease in some definite form. When all this is done, and
not before, can we assert that the evidence establishing the causative
relationship between a given form of bacteria and any special infectious
disease, is entirely at our command.

But the fulfilment of these strict logical requirements is very difficult
in many cases, and in some, apparently, almost if not quite impossible;
for we must remember, in the first place, that the lower animals, upon
which alone, for the most part, inoculation experiments are practicable,
are apparently not subject to certain important diseases of man; and,
sccond, that they present among themselves the most marked differ-
ences in the degree and manner in which they are affected by inocula-
tion with pathogenic bacteria. Desirable as is the complete fulfilment
of the above requirements in every case, it must be admitted that a rea-
sonable certainty regarding the bacterial origin of a given disease may
sometimes be arrived at without positive results from the inoculation
of the bacteria associated with its lesions. The agglutination test and
the tests for specific lytic substances or opsonins applied under proper
conditions may afford valuable evidence of the nature of an infection
(see pp. 186 and 193). .

The complete demonstration which is desirable has as yet been fur-
nished in but a moderate number of diseases. In many others, however,
enough has been done in the way of study and experimentation to render
it altogether certain that they are infectious and to establish beyond
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reasonable doubt the identity of the micro-organism or micro-organisms
involved.

CONDITIONS INFLUENCING THE OCCURRENCE OF INFECTIOUS DISEASES.

Conditions of the Body.—It has been learned as a result of a great
deal of observation and experiment, that although certain diseases arc
always associated with the presence and growth in the body of particular
species of micro-organisms, there are still various other accessory factors
which have an important bearing upon the inception and course of the
diseases. Thus, while the presence in the body of a particular species of
micro-organism is the most significant and fundamental of the determin-
ing agencies in the infectious diseases, the numbers in which they are
present—i.e., the size of the dose—and the varying virulence which the
same species under different conditions possecsscs, as well as the varying
capacity of resistance to the incursions of the germs which the body-cells
at different times and under differing conditions exhibit, are all factors
of the greatest moment.

Malnutrition, mental or physical overwork, injuries, bad hygienic
surroundings, the abuse of alcohol and other forms of intemperance, as
well as many other conditions which lead to deterioration in the general
health, are often decisive factors in determining the intensity or even
the occurrence of the diseases due to bacterial incitement. It is thus
clear that the action of a given germ in the living body depends only in
part upon its intrinsic capacities—which in themselves are very variable
—but also and in marked degree upon the capacitics, also variable,
which exist at the moment in the body-cells among which the lot of the
germs is cast. :

It should be always borne in mind that the human body is a great
aggregate of groups of co-ordinated cells which, under normal conditions,
all act in harmony for the maintenance of the life and functions of the
individual. The cells and cell communities in health not only do this,
but they have the power of resisting and to a certain extent overcoming
various deleterious agencies to which the body is more or less constantly
liable.

What we call hereditary or acquired predisposition to an infectious
disease, such as tuberculosis for example, is simply a lack of the usual
capacity of the cells of thé body—whether through a structural or physi-
ological fault we do not yet know—to cope with—that is successfully to
adapt themselves to—the destructive tendencies of the living micro-
organisms when once these gain a foothold in the body.

Conditions of the Micro-organisms.—On the other hand, the varying
potencies of the bacterial specics concerned in a given infection, which
are linked especially to their toxins, and the influence of environment
upon these, exalting or reducing them, as the germs adapt themselves to
antagonistic or to congenial hosts; the origin of the strains and the
numbers involved—these are all factors in virulence of supreme impor-
tance, but our space does not permit us to consider them further here.

We thus see that, in studying the conditions under which infectious
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discases occur, the work is by no means complete when the bacterial
species which incites the disease has been discovered, but that then the
more obscure determining and influencing agencies must be worked out
in each case.?

Infection and Immunity.

INFECTIOUS DISEASE AND THE NATURE OF INFECTION.

Infectious diseases are those which are incited by the entrance into the
body and proliferation there of pathogenic micro-organisms. Infection
is the act or process by which such diseases are incited. The process of
infection is ‘“the interaction between the organism and the micro-
organism.”’

In the more exact usage of the words “infectious’ and “infection”
which our new knowledge demands, it is customary and convenient to
limit the term “micro-organism” to the fungi—bacteria, yeasts, and
moulds—and to the protozoa representing the animal kingdom, exclud-
ing altogether the entozoa and other animal parasites.?

The modern conception of infection implies the presence in the body
of the liring micro-organisms themselves; that is, of something capable
of multiplication, or at least of reproduction and development, and not
alone of the poisons which they may and usually do produce. It is
customary to look upon the effects of the absorbed poison which micro-
organisms furnish as intorications, whether these poisons be formed
inside the body in infectious discases and in other conditions, or outside
of it and subsequently introduced. That condition in which there is
cvidence of wide distribution of pathogenic micro-organisms and their
products in the blood is called septicemia (see p. 203).

It is evident from what has been said that infectious discase cannot
exist without the presence in the body of micro-organisms. But, on the
other hand, micro-organisms can and do frequently exist in the body
without the incitement of infectious discase. Whether a micro-organ-
ism be pathogenic or not depends upon the variable susceptibilities of
the host as well as upon its own—also variable——nature and qualities.
No micro-organism is intrinsically pathogenic; the very conception
implies a relationship.  This obvious fact is overlooked by those who sce
in the micro-organisms alone the essential specifie features of infectious
diseases; who would classify these discases exelusively by the nature of
their excitants, and who look upon the latter as the true “causes” of
the phenomena through which disease is manifested (see p. 5).

INCUBATION PERIOD.

It is characteristic of infection that a certain time clapses between
the entrance of the infective agent and the manifestation of symptoms

1 For a résumé of the nature and conditions of infection, see Wassermann, Kolle and Wassermann’s
‘* Handbuch der Mikroorganismen,” Bd. i., p. 223, bibl.; for a study of the general reaction of the body
in infection see Blumenthal, ibid., p. 326.

2 With this somewhat arbitrary limitation, neither trichinosis nor seabies, for example, would be
considered an infectious disease, although they are often, for the lnck of a distinctive word, thus desig-
nated.



THE RELATIONS OF MICRO-ORGANISMS TO DISEASE 157

or the development of lesions. This interval is called the “incubation
period”’ of the infection and varies with different infective organisms.
This incubation period is that time during which the micro-organisms
are increasing sufficiently in number or virulence in the body to induce
symptoms and lesions or are passing through developmental cycles
marking their adaptation to the environment furnished by the host.

FORMS OF INFECTION.

Mixed or Concurrent Infection.—It should be borne in mind that the
body which is already the seat of an infectious disease is usually espe-
cially susceptible to the action of other pathogenic germs, should these
once gain entrance; and also that the lesions which are associated with
many of the infectious maladies afford portals of entry through the skin
or mucous membranes to other micro-organisms, against the entrance of
which the healthy body opposes most efficient barriers. In fact, we now
know that the action of two or more pathogenic micro-organisms in the
body at the same time is of very frequent occurrence, many of the
so-called complications of the infectious diseases being due to secondary
infection with a new germ species. Numerous examples of this “mixed”’
or, better, “concurrent,” infection are noticed in other parts of this
book.!

Many important facts have been revealed by the study of bacterial
association in cultures as well as in infectious diseases of men and ani-
mals which cannot here be considered.? It may be said in general that
in animals as in man concurrent infection with a second micro-organism
increases the gravity of the original situation. On the other hand, cer-
tain experiments seem to indicate that sometimes the concurrent action
of a second germ—streptococcus, for example, with the anthrax bacillus
—may render a virulent organism comparatively innocuous. But the
conditions of the experiments are in cither case so complex that the full
significance of many curious phenomena is not yet apparent.

Congenital Infection.—Infection of the foetus through such lesions of
the placenta as permit of the passage of pathogenic micro-organisms from
the blood of the mother to that of the child is of occasional, but not
frequent, occurrence. While the barriers against such transmissions are,
under normal conditions, effective, disturbance in the placental circula-
tion, lesions of the vessel walls or of the tissues and covering of the
chorionic villi favor it. But infection may occur without demonstrable
evidence of such lesions.  Thus feetal infection is known to have occurred
in various phases of suppurative inflammation, in tuberculosis, typhoid
fever, anthrax, syphilis, the exanthematous fevers, ete.  There is con-
siderable evidence that rarely the tubercle bacillus may be transmitted

1 For bibliography of mixed infection see Bernkeim and Gruber, Lubarsch and Ostertag’s * Ergeb-
nisse,”’ Jahrg. 2, for 1895, p. 1; also Wassermann, in Kolle and Wassermann's ** Handbueh der Mikro-
organismen,’’ Bd. i., p. 307.

2 Consult Th. Smith, Trans. Assn. Am. Phys., vol. ix., p. 85, 1894; also Moore, ‘' Pathology and
Differential Diagnosis of Infectious Diseases of Animals,” 1906.
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from mother to offspring, and remaining for a time inactive may later
induce the characteristic lesions.*

Terminal Infection.—The victims of chronic disease of the heart,
blood-vessels, kidneys, liver, etc., are particularly susceptible to the
incursions of pathogenic micro-organisms and to infectious diseases of
one kind or another. Such persons, with or without definite lesions,
are in fact liable finally to succumb to the complicating disease. The
phrase ‘“terminal infection” has been applied by Osler and others to
this concurrence of diseases of such different nature, in which the chance
infection of a vulnerable organism is so apt to prove fatal.?

Great care is, however, necessary in determining the significance of
the various forms of bacteria which may be present in the body after
death. XNot only may bacteria develop to a considerable extent in the
body during the hours which precede death when the natural protective
agencies arc halting or abeyant, but this may occur without such a
reaction on the part of the body cells as is necessary to constitute an
actual infection. Furthermore, multiplication and distribution of bac-
teria in the body after death is of frequent occurrence and must in every
casc be taken account of in weighing the evidence for terminal infection.?

COMMUNICABILITY OF INFECTIOUS DISEASES.

It is important in practical dealings with the infectious discases to
consider them in the light of the relative liability of transmission of the
actually known or assumed micro-organisms from diseased to healthy
individuals.

In the first place, it should be borne in mind that the lower animals
are insusceptible to the ravages of some of the micro-organisms which
readily incite infectious diseasc in man. Thus the lower animals are,
so far as we know, naturally immune to syphilis. To certain discases of
the lower animals, on the other hand, man is not subject. But to certain
other infectious diseases, tuberculosis for example, both men and lower
animals are susceptible, and both are, in fact, under the prevailing con-
ditions of modern life, frequent victims.

So far as the liability to the transmission of the infectious agents from
man to man is concerned, there is a very marked and significant differ-
ence between the infectious diseases. It is common usage to speak of the
transmission or communication of disease, as if disease were a sclf-exist-
ent thing. This usage fosters much loose thinking. What we call dis-
case is a process involving a departure from, failure in, or perversion
of normal physiological action, either in the material constitution or in
the functional integrity of the living organism. When, therefore, we
speak of the transmission or communication of disease, what we really
mean is not that the disease, but the agent capable under suitable con-
ditions of inciting the disease, is transmitted or communicated. If we

1For bibliography and summary of feetal infection see Lubarsch, ** Ergebnisse der allg. Aetiologie
der Menschen- und Thierkrankheiten,” Jahrg. i., p. 427, 1895; also Fischl, in Grancher, Comby, and
Marfan’s * Traité des Maladies de I'Enfance,” t. i., p. 454, bibl.

? For a study of this class of cases see Flerner, Trans. Asan. Am. Phys., vol. xi., p. 229, 1896.

3 Consult Achard and Phulpin, Arch. de méd. expérimentale, vol. vii., p. 25, 1895.



THE RELATIONS OF MICRO-ORGANISMS TO DISEASE 159

hold this obvious implication in mind, it is useful to group the infectious
diseases of man into two great primary classes: 1st, Those which under
the usual conditions of life are not readily communicable. 2d, Those
which under the usual conditions of life are readily communicable.

But while, for convenience, we may speak of non-communicable and
communicable infectious diseases, we should remember that these two
classes merge into each other, and that in fact the agents of infection
may at least artificially in all cases be conveyed from one individual to
another. It isonly when the conveyance under natural conditions oceurs
in a round-about way, or through intermediary agencies, such as the
mosquito for example, in malaria or yellow fever, that one may advis-
cdly speak of non-communicable infectious diseascs.

Among the communicable infectious diseases there exists the widest
difference in the liability to transmission under ordinary circumstances.
Thus the infectious agents in smallpox and scarlatina are given off from
the body under such conditions as render possible and frequent their
direct transmission through the air to another individual. In syphilis,
tetanus, and rabies, on the other hand, transmission of the infectious
material is rare or impossible without a direct inoculation.

Between these extremes the widest diversity exists in the liability to
transmission of the infectious agents of the diseases of this class. In
fact the liability to infection on the part of a healthy individual in the
presence of a vietim of infectious disease is largely dependent upon the
intelligent care which is exercised in the disposition of the material con-
taining the pathogenic micro-organism which in one way or another the
infected body sets free.

So that while it may be useful to arrange the communicable infectious
diseases in groups, or in such serial order as may indicate the degree of
communicability of each under the ordinary conditions of life, it should
always be borne in mind that this classification is not fundamental as is
that by which the infectious diseases as a whole are set apart from other
diseases, but is closely dependent upon the sanitary conditions under
which each case may be placed. Thus tuberculosis, or diphtheria, or
pneumonia may be high on the list as readily communicable if the
patient be housed in a crowded tenement with ignorant or careless attend-
ants, while if subjected to the intelligent ministry of sanitary science
these diseases may be accounted as relatively slightly communicable.!

Communicable infectious discases sometimes affect a considerable
number of persons in a community. This constitutes an epidemic, and
the term epidemic disease is used. So also if an infection is constantly
present in a certain locality it is said to be endemic. The term pandemic
is used to indicate the involvement of persons all over a large territory
in a particular infectious diseasc.

1 Before the knowledge of pathogenic micro-organisms had become precise, readily communicable
diseases were called contagious in a rather loose and ill-defined way, and the unknown excitant was
called the contagium. The word *‘ contagious' is still used, in various senses, to the detriment of
science. We can get along well enough without it by the use of the word * communicable’’ as above
indicated. But if it must still be cherished it might be wisely limited to the exanthemata, whose incit-

ing agents are more readily and commonly transmitted through the air from the body of the patient
than are those of any of the other infectious maladies.
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IMMUNITY.

NATURE AND Forms oF IMMUNITY.

We have scen that an infectious disease is one ineited by the entrance
into the body and proliferation there of pathogenic micro-organisms, and
that infection is the act or process by which such a disease is incited.

The fact that all animals are not equally susceptible to the ravages of
pathogenic micro-organisms, and that in man an individual and often a
changing predisposition or invulnerability to the incursions of these
organisms exists; the further observation that one attack of an infectious
disease often protects the vietim for a longer or shorter time against a
recurrence; finally, the fact that recovery is ever possible when once
self-multiplying disease-producing germs have obtained a foothold in the
body—all these facts and observations are of such singular import and
interest that, especially of late years, there has been much study on
the nature of the agencies which the body brings into play in establish-
ing immunity in the face of microbic invasion, and in coping with the
various deleterious factors at work when once a foothold is obtained.
The scope of this book does not permit us to enter in detail into this most
fascinating and important field. We can give only a brief summary of
some of the more important features.

Immunity is insusceplibility, or capacity for resistance on the part of
the body to disease or, in the more limited sense, to infection or intoxication
or their effects.

If we recall-the ways in which bacteria damage the organism, it will
be evident that immunity may be due to the fact that the micro-organ-
isms in question simply do not proliferate in the body, failing, even
should they gain entrance, to find the necessary conditions.! On the
other hand, though the conditions be in general favorable, substances
may exist or be formed in the body which destroy the invading germs.
In other words these may at once or soon be disposed of by germicidal
substances, either in cells or in solution in the body fluids.

Or, the toxic substances which micro-organisms set free, as in the
process of their nutrition they decompose organic ingredients of the tis-
sues or body fluids, may be rendered inert by further decomposition or
combination with substances present or formed in the tissue fluids. Or,
furthermore, the cclls which are susceptible to the presence of the toxins
may become less vulnerable by adaptation to the deleterious effects of
the latter. Thus by a total unsuitability of the tissues or of the general
conditions to bacterial growth; by destruction of the invading germs;
by neutralization or destruction of toxins; or, finally, by a capacity of
resistance or tolerance won through adaptation to a new and intrinsically
harmful environment, we may conceive of conditions which in a measure
account for the known phenomena of immunity.

1 For a most suggestive and valuable paper on the adaptation of pathogenic bacteria to different
species of nnimals see Theobald Smith, Philadelphin Medieal Journal, May 5th, 1900.
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Immunity from an infectious discase may be natural or hereditary.!

The absolute or relative insusceptibility of turtles and fishes for
tetanus, of rats for anthrax, and of the lower animals for syphilis and
for scarlatina, are examples of hereditary or natural immunity which we
need not further consider here. Immunity is variable and rarely abso-
lute, and is subject to individual, as well as racial, variation.

On the other hand, immunity may be acquired. Acquired immunity
may be secured by an attack of the disease from which the individual
has recovered—natural itmmunization. Or, immunity may be acquired
by the introduction into the body of some material which gradually
diminishes susceptibility without inducing distinct disease—artificial
immunization. Acquired immunity may be transmitted from parent to
offspring.

Fig. 105.:-PBAO0CY'I‘BS.

In fluid from the peritoneal cavity of an immunized guinea-pig a few hours after the introduction
of the bacilli of typhoid fever. Degenerative changes are seen in many of the bacteria within the cells.

Most of the infectious diseases appear to confer a certain degree of
insusceptibility to subsequent attacks of the same disease, though this
may be partial and temporary. But the exanthemata afford the most
striking examples of acquired immunity after an attack of infectious
disease.

Let us now look more closely at some of the ways in which the body
may thus protect itself from the consequences of infection.

It is well known that bacteria artificially introduced into the blood
of animals may, after a short time, wholly disappear from the circulating
fluid, and be found in large numbers in leucocytes and other cells. We
have already seen in the study of inflammation (see p. 98) that cer-
tain cells of the bedy are capable of taking up not only various kinds of
alien substances, but also micro-organisms which cnter the tissues, into
their cytoplasm (Fig. 65 p. 100) and may there kill and destroy them
(Fig. 105). This mode of destruction of micro-organisms, largely by
leucocytes, but also by other mesodermal cells, which when thus engaged
are called phagocytes (see p. 99), plays a most important part in the
establishment of immunity. On the other hand, certain ingredients
of the body fluids, formerly called alerins or “defensive proteids,”
acting.outside of cells, have been shown to possess marked germicidal

I For a'study of the theories of natural immunity see Mller, * Infection u. Immunitit,” 1904.
For a study with bibl. of the protective processes in natural immunity, see Kisskalt, Zeits. f. Hyg. u.

Infkr., Bd. xlv., p. 1, and ibid., xlvii., p. 243, 1904. For a study of inherited immunity see Kleine and
Mollers, Zeits. f. Hygiene, etc., Bd. lv., p. 179, 19086.
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powers. While thus it might appear that two fairly distinet agencies
are of importance in enabling the body to resist the incursions of path-
ogenic germs—cellular or “ phagocytic,” and what may be called * hu-
moral”’ or chemical—it is obvious that ultimately whatever destructive
power the body possesses toward micro-organisms must be due, directly
or indirectly, to cell activities. This phase of immunity has been char-
acterized as anti-microbic, anti-bacterial, or bacteriolytic Tmmunilty,
because it is a mode of protection in which bacteria are destroyed or
their growth in the body is limited or prevented.

Not less important is another phase of immunity—antitoxic tmmunity
—by which the body protects itself against the toxic substances through
which, in many instances, the most serious manifestations of infection
oceur.

These two forms of immunity-—antitoxic and anti-bacterial or bac-
teriolytic—will be considered in detail in a following section.

Furthermore, the microbic toxins which are set free by the micro-
organisms, like other poisons, may be eliminated together with the waste
products of body metabolism through the kidneys, skin, ete.

ARTIFICIAL IMMUNIZATION.

General Methods and Principles of Artificial Immunization.—It was
not possible to gain a clear conception of the factors entering into the
complex problems of immunity until animal experimentation had
revealed a host of significant facts bearing directly upon questions which
for a long time had scemed insoluble. It has been found as the result
of experimental rescarches that artificial immunity can be secured by
gradually rendering the body tolerant to the presence of the infective
or toxic agencies without actually inciting the characteristic specific
disease.

1. In one class of procedures artificial immunity is secured directly or
indirectly through the action in the body of bacteria or other microbes or
microbic poisons whose virulence has been in one way or another reduced
but not rendered altogether inert; or by the action on relatively insusceptible
animals of microbes or microbic poisons of unimpaired virulence. Im-
munity induced in this way as the result of direct adaptation of the body
cells to the new conditions is called ACTIVE IMMUNITY.

1. Active immunity to particular forms of infectious disease may be conferred by
inoculation with cultures of the germ inciting the infection whose virulence has been artifi-
cially reduced—attenualed cultures. This reduction of virulence may be accomplished
in various ways: by cultivation at temperatures above their optimum; by successive
inoculations into insusceptible animals; by prolonged artificial cultivation in the pres-
ence of oxygen; by exposure to certain inorganic chemical substances, as the diphtheria
bacillus to trichlorid of iodine, anthrax to bichromate of potash, ete.; by exposure of
cultures to organic extracts or products of animal or vegetable cell metabolism; by
drying (hydrophobia), or by exposure to sunlight; by killing the germs by heat, using
for injection emulsions of their dead bodies containing the so-called endotoxin; and
in other ways.

With the virulence of the micro-organisms reduced in varying degrees in one or
other of the ways just mentioned, the gradual habituation of the bodies of animals to
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the presence of pathogenic germs may be pursued until cultures of full virulence are
tolerated.!

2. Active immunity may be conferred by the injection, in gradually increasing
doses, of the metabolic products of bacterial growth, either with or without the dead
bodies of the germs themselves—the bacilli of typhoid fever, for example. The pri-
mary virulence of these usually toxic products of microbic growth may be in various
ways diminished, by heating, by mixing with organic extracts such as that of the thy-
mus gland, or with an inorganic chemical substance such as trichlorid of iodine, or by
small doses of the already prepared antitoxin—see below.

3. Active immunity may be secured in some cases by the inoculation of animals,
which are but moderately susceptible to the species employed, with small but increas-
ing quantities of germs having unimpaired virulence. Under these conditions the
animal becomes less and less responsive to the germ, until finally it may display no
reaction after a quantity of the virulent culture which at first would have been in-
evitably fatal.

Immunization in man by the direct use of dead bacteria or bacterial poisons or of
virus of diminished virulence has been largely practised in typhoid fever, cholera, and
hydrophobia.

In active immunity the protective material is elaborated by the
immunized individual, the process requires considerable time, and the
effect lasts for a considerable period.

II. In a second class of procedures artificial tmmunity is secured by the
direct mingling f the body fluids from an individual already immunized in
some of the above ways, with those of the individual to be protected. Im-
munity secured in this way, in which the immunizing substance used has
been elaborated by another individual, is called pASSIVE IMMUNITY.

1. Extracts of various organs and lissues of animals suffering from infectious dis-
ease rendered germ-free and injected into healthy animals, have been found in some
cases to confer a certain degree of immunity.

2. The blood serum of animals naturally immune to a particular infectious disease
has been found, on injection into those which are susceptible to the same disease, to
impart in some cases a certain degree of insusceptibility.

3. The blood serum, finally, of animals which have been rendered in one way or
another artificially immune to certain diseases, if introduced under proper conditions
into another susceptible animal, has been found not only to confer a temporary immu-
nity, but, if administered to an alrcady stricken individual, to aid him in the most
marked and efficient way to overcome the deleterious agencies at work.

The use of blood serum of artificially immunized animals for this purpose is of far
greater practical importance than either of the methods 1 or 2.

In passive immunity the protective material is furnished ready made,
the effect is secured at once and is temporary.

Antitoxic Immunity.

It appears from a study of the results of artificial immunization, as
well as of the immunity which is involved in the natural recovery from
infectious disease, that one of the ways in which immunity is secured is

1 0On the contrary the virulence of a particular strain of pathogenic bacteria may be exalted by a
series of '* passages’’ through a susceptible animal. When the infection from inoculation has developed
in the first animal, cultures derived from it are used to infect a second, and so on through a series of
‘‘ passages.”’

In this way, it is assumed, the self-protective adaptations of the bacteria are made evident in the
increasing potency of the toxins which they produce, the toxins being one of the important factors in
virulence. ‘
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by the formation of substances in the body fluids which in some way
neutralize or suspend the action of toxins—antitoxic immunity.

Thus in diphtheria and tetanus the antitoxic substances are largely
developed, while in many other infectious diseases, such as cholera and
typhoid fever, it appears to be, in part at least, through the bacterio-
lytic substances that protection is secured. While in many instances
both of these types of protective substances may be formed during im-
munization, one or the other is usually preponderant.t

The antitoxic substances are most closely related to the globulins,
but beyond this their chemical nature has not been definitely ascertained.

The effect of antitoxin in the blood in rendering harmless the toxic
substances which they form apparently is accomplished, not by the
destruction of the toxins, but by a chemical union of toxin with anti-
toxin, whereby the former is deprived of its capacity to injure cells.

The knowledge of this antitoxic immunizing action of specially
endowed blood serum has been most fully developed in diphtheria and
tetanus.

During the growth of the diphtheria bacillus in nutrient broth a
toxic substance is developed which mingles with the broth. This is
called diphtheria toxin, and subcutaneous injections of this toxin in
animals—guinea-pigs, for example—prove fatal, in appropriate dosage,
with symptoms and lesions similar to those caused by inoculation with
the living germ. It has been found that by repeated injections of the
diphtheria toxin in susceptible animals, at first with small, then with
gradually increasing, doses, the animal may at length become so insus-
ceptible to the action of the poison that many times the usually fatal
dose is borne without sensible reaction. Similar immunity can be con-
ferred in certain animals by the use of the living cultures of the diphtheria
bacillus either fully virulent or with reduced virulence (see p. 163),
administered at first in small doses which are gradually increased.

In whichever way immunity be conferred, it has been found that the
blood of the artificially immunized animal contains a substance, or sub-
stances, called diphtheria antitoxin, which, on being introduced with the
blood serum into other susceptible animals, may not only confer a
quickly established immunity—passive immunity—but, without destroy-
ing the diphtheria germ, may protect against its toxic effects when
the disease is already under way. Thus, through the artificial immuniza-
tion of horses and the hypodermatic use of the serum of their blood in
man, the so-called “serum therapy’’ has assumed a very important and
beneficent réle in the prevention and treatment of diphtheria.®

1 The damage or destruction of bacteria by anti-bacterial, batericidal, or bacteriolytic substances
naturally limits or prevents the formation of toxic materials by the micro-organisms, although the
cells of the body may be very susceptible to the action of these. So that the absence of evidence of the
establishment of antitoxic immunity in an infectious diseuse may mean, not that the body is incapable
of this, but only that no opportunity is offered for its development.

2 Sce Hiss and Atkinson, Journal of Experimental Medicine, vol. v., p. 47, 1900.

3 The antitoxic value or power of each specimen of antitoxic serum is experimentally determin_t’d
by finding the amount of the serum required to protect the test animal against the action of a definite
amount of toxin of known strength. Various standards have been adopted, the value of the serum being
expressed in terms of the *‘ antitoxin unit.”” For example, in the determination of antitoxin value llll"l,e
use of by the Department of Health of the City of New York, an antitoxin unit is the amount of ant*
toxic serum required to protect a guinea-pig weighing 250 grammes from death, when one hundred times
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Results similar to those obtained in the study of diphtheria antitoxin
have been realized in the investigations of tetanus. But the practical
value of the tetanus antitoxin as a therapeutic agent is less obvious. It
has been shown, further, that antitoxic sera may be developed in the body
during immunization to snake venom, the poison of the spider and
scorpion, vegetable poisons, such as ricin and abrin, and to other
albuminous animal and vegetable materials. Thus, also, through
experimental adaptation, the living body-cells may elaborate and set
free into the serum substances which suspend the action of ferments,
like rennet, pancreatin, fibrin ferment, ete.

Not all toxic substances, however, are capable of inciting the living
body to the formation of antitoxic substances; nor are these apparently
formed in such considerable amount in most of the infectious discases,
as is the case in diphtheria and tetanus.

The action of these antitoxic substances is, within certain limits,
specific; that is, the antitoxin of diphtheria protects against diphtheria,
that of tetanus against tetanus, ete.!

EHRLICH'S “SIDE-CHAIN” HYPOTHESIS.

We have seen that a most remarkable series of facts is developed by our studies of
infectious diseases illuminated by the results of animal experimentation. When the
living body is invaded by a certain toxic complex organic material, not always of mi-
crobic origin, the body adapts itself to the new conditions by the elaboration of sub-
stances which protect it from the action of that poison. Each new protective sub-
stance is effective against the particular poison which induced its formation. Not
only this, but if the blood serum containing these new protective substances be trans-
ferred to another individual they protect him also—passive immunity—against the
special poison which called them forth in the body of the first.

How are we to conceive of this wonderful adaptive power of the living body under
conditions which seem to be wholly new in the life of the individual; a power which
at first appears to transcend the known capacities of the body-cells?

This singular capacity of the body-cells to develop in emergencies apparently new
substances has naturally given rise to much study and to many speculations and hy-
potheses. The scope of this book does not permit even of enumeration of these. But
it is necessary to bring forward at least in outline the so-called “ side-chain’* hypothesis
of Ehrlich by which he strove to account for the phenomena of antitoxic immunity as
exemplified with especial clearness in diphtheria and tetanus. Without his hypothesis
we are to-day still practically at sea in our views of the nature of antitoxic immunity,
while this remarkable capacity of the body to manufacture the greatest variety of
potent specific antidotes to the most subtle and virulent poisons becomes, for the first
time, comprehensible in the light of this ingenious conception. It is now several years
since Ehrlich’s hypothesis was enunciated, and, whatever may be its merit as a direct
contribution to science, there can be no doubt that it has been, in a remarkable degree,
an inspiration to the most fruitful research. It is practically impossible to follow the
recent work on immunity without a knowledge of this hypothesis and familiarity with
the nomenclature to which it has given rise.
the fatal dose of diphtheria toxin is mixed with the serum and the mixture injected subcutaneously into
the ;nin.ml. The usual dose for human administrution may contain from three hundred to six thou-
sana units.

1 I“o:"s a detailed considerntion of the specificity of infectious agents see Kolle in Kolle and Wasser-
mann’s ** Handbuch der Mikroorganismen,” Bd. i., p. 288.

The monograph by Citron, ** Die Methoden der Inmunodiagnostik und Immunotherapie,” 1910,
contains many facts of practical importance in the application of theories of immunity; while Kraus
and Leraditi’s ** Handbuch der Technik und Methodik der Immunitatsforschung,” I Enganz., 1911,

furnishes a most valuable survey of the entire subject from the point of view of method.
For a summary of the results of serum therapy sce Park, Harvey Lectures, 1905-06.
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In order to comprehend the hypothesis of Ehrlich regarding the origin and nature
of antitoxin, it is necessary for us to form with him a clear conception of cell
assimilation.

We conceive of the cell as a mechanism for the storage of energy derived from
without and for its release under definite conditions. This storage of energy is possible
through the assimilation and building up by the cell of complex molecular combina-
tions. These, owing to their instability, are readily stored into less complex and
more stable combinations with the release of the stored-up energy. Thus is the life of
the cell manifested.

This broad conception of the cell is a purely intellectual one, however, for the de-
tails of cell metabolism still elude the keenest scrutiny of the chemist. He cannot
formulate protoplasm nor express its chemical changes by proportionate symbols.

Now, accepting this condition of affairs as for the moment inevitable, Ehrlich
seeks to express his view of the character of the cell's performances in general terms,
disregarding its morphological peculiarities, somewhat as follows: We may conceive of
the cell as consisting of a central group of very complex molecular combinations which
maintaing the characteristics and special capacities of the cell as an organism under all
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F16. 106.—DI1AGRAM ILLUSTRATING THE AcTION OF RECEPTORs IN THE NUTRITION OF THE (CELL.
A, Portion of cell body; a, food molecule; b, ¢, d, receptors.

the vicissitudes of its existence. Associated with this central organic group are many
and various subsidiary atom-complexes which by means of their unsatisfied affinities
bring the central group into relationship with food material through those chemical
combinations which in living protoplasm characterize assimilation.

These unsatisfied affinities by which assimilable material is fixed or united to the
cell have been called “side chains,”” a term adopted from the chemist. Not to press
too closely, however, the analogy between the chemical processes in lifeless substances
and assimilation in living matter, these affinities or “side chains” of protoplasm are
now commonly called receptors.

If we seek to illustrate Ehrlich's conception we shall be obliged to use graphic
figures of extreme crudity. If the arc of a circle in Figure 106 represents a portion of
the periphery of a cell, we may indicate the side chains or affinities or receptors by
projections whose special shape shall indicate their special capacity to combine with
any substance coming in contact with them under favorable conditions. Suppose in
this figure we let a represent a nutrient molecule which is capable of combining with
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the receptor b, belonging to the cell A. Through its union with b, and only through
this, is it capable of entering into the metabolism of the cell. This molecule a cannot
unite with the receptor c ord, but only with such receptors—to use the crude expression
which our illustration requires—as it fits. Through the receptors ¢ and d other
forms of food molecules may enter into the metabolism of the cell.

Thus it is in Ehrlich’s conception, which after all is only a graphic way of illustrat-
ing the preliminary phases of assimilation by living protoplasm, that the cell is capable
of selecting, or “fixing,” out of the host of various substances with which it comes in
contact, just those and only those to which its receptors bear a definite chemical
relationship.

The same thing is true of toxic as of nutrient substances. In order to be toxic to
the cell they must enter into chemical combination with a suitable receptor of the
cell. Then only can they lead to the forms of damage which we
are here considering.!

As the result of many studies on the nature and effects of
toxins, Ehrlich is led to believe that the toxin molecule eon- --Q
sists of two forms of affinities: one through which the chemical ) b
union with the cell is effected—called the haptophorous group; \ v -~
and the other—called the toxophorous group—by which the ’
damage to the cell is brought about when once the toxin mole-
cule is anchored to it.? \,’I

This conception may be illustrated as in Figure 107, in which
the toxophorous group a of the toxin molecule can be cffective lnf:vﬁ};gz;;aDlAGs}"x?:
in damaging the cell only when united to the latter by the pogep Cu ARACTER OF
haptophorous group b. THE ToxiN MoLECULE.

Having now conceived of the living cell as consisting of a a, Toxophorous group;
central essential complex molecular group, brought into rela- & haptophorous group.
tionship with its food materials by means of a great number of
the most varied receptors, through which, under normal conditions, assimilation is
secured, let us sce what may happen if toxins come in contact with living cells which
are furnished with receptors capable of uniting with them.

The union of the toxin molecule with the living cell being effected, the cell is more
or less damaged. 1If the damage be sufficient, the cell dies. But suppose the damage
to be but slight, as may be the case in artificial immunization or in early stages of an
infection. The cell is at least deprived of the useful offices of the receptor to which
the toxin molecule is now united. This is in itself a loss to the cell, and through the
regenerative impulses common to all living cells it proceeds to regenerate the lost parts,
which in this case are the receptors. But as more receptors are thrown out of funetion
by the continued action of the toxin, the necessity for compensation continues.

Now it is a fact long known to pathologists, and especially emphasized by Weigert,
that the regenerative impulse is apt to be in excess of the obvious requirements and
leads to overproduction of new cells, tissues, chemical substances, ete. This is what
now happens to the cells, some of whose receptors have been rendered useless by com-
bination with the toxin. New receptors are formed, more than the cell requires; so
numerous may these become that many are at last cast off into the blood. Here is the
point at last. These receptors or substances, normal and useful to the body, but now
Sormed in excess through over-compensation, and set free from the cells into the body fluids,
are the antilozin.

4

————

11t is evident, from what has heen said about the conditions under which substaneces can be toxie,
that the natural immunity of one animal to a given agent which is toxic in another may be simply due
to the fact that the cells of the former have no receptors with which this agent can unite, or, if this
union does take place, that the cell is not thereby damaged. This consideration has an important bear-
ing upon our conception of natural immunity.

This so-called ** fixing '’ or “*binding’’ of toxin to tissues may be demonstrated by mixing some of
the potent tetanus toxin with fresh brain tissue of the horse or guinea-pig, whereupon the mixture, if
made in suitable proportions, becomes innocuous.

? Ehrlich was led to this belief in the complex nature of the toxin molecule through the curious
fact that diphtheria toxin may under a variety of conditions lose its toxicity, but still retain its capacity
of neutralizing antitoxin and also of uniting with cells, and thus inducing the formation of antitoxin
in the animal body. Such toxin molecules deprived of the toxophorous group are called toroids.
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For, set free in the body-fluids, these superfluous receptors still retain their com-
bining power for the free toxin molecules, which, also, are in solution in the body-fluids,
and unite with them. This union having been effected, the toxin molecules are no
longer a menace to the cell, because the affinities are now satisfied through which they
joined the receptors while these were still a part of the cell, and in this way became
harmful. This now inert combination of toxin molecules and detached receptors is
physiologically indifferent stuff, and may be removed from the body by the usual
processes of excretion.

But the antitoxin which has not united with toxin in the body of the animal
which produced it is still available on the transference of the serum to another in-

%

\ ’ ~ 3
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F1a. 108.—DIAGRAM ILLUSTRATING THE FORMATION AND ACTION OF ANTITOXIN IN ACCORDANCE
wiTH EHRrLicH's * SIDE-CHAIN' HYPOTHESIS.

A, Portion of cell-body; b, receptors combined with cell protoplasm; ¢, receptors separated from
cell; a, toxin molecules; y, free receptors—antitoxin.

dividual whose blood contains diphtheria toxin, and who may thus secure passive
immunity.

If we have recourse again to the graphic method, the hyperproduction of recep-
tors by the damaged cell, their scparation, and their action as antitoxin, may be indi-
cated, as in Figure 108. Let A represent a portion of a cell-body. The toxic molecuile
a, uniting with the receptors b, leads through the injury to the cell, as well as by its
deprivation of the normal use of b, to the production, and at length to the overprodue-
tion, of new receptors of the same kind. These superfluous receptors c are now set free
into the body fluids,! where, as at z, they may freely unite with the toxin molecules,
forming harmless compounds and preventing further access of the toxin to the cell,

1 These receptors of various kinds, cast off into the body fluids under the most diverse conditions,
Ehrlich has called ** haptines."
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where alone the damage can be done. Or, when free, as at y, the receptors may be
transferred in the serum, becoming effective as antitoxin in another individual.

It is well to note that so long as the receptor maintains its connection with the cell
it is not antitoxin, but an element of vulnerability to the cell. It is only when the
receptor has been set free from the cell that it is antitoxin.

The antitoxin substance which neutralizes the action of the toxin molecule of diph-
theria is not effective for the poison of tetanus, for example, simply because it does not
combine with the molecule of tetanus toxin. It is specific for diphtheria, because it
was the diphtheria toxin which excited its overproduction through a chemical union
identical in character, whether this union takes place while the receptor is a part of the
cell, in which case the toxin becomes harmful, or when the receptor is detached from
the cell, in which case the combination is harmless.

In the light of this hypothesis the specific character of the antitoxic substances
appears to be but the result of adaptation to unusual conditions of cell capacities
evolved and fostered for the every-day maintenance of life. The specific relationship
between the toxin and the antitoxin is not developed during immunization, but
existed beforehand as a necessary condition of toxic action.

This hypothesis not only accounts for the formation, protective action, and speci-
ficity of antitoxin, but reveals, also, a special significance in the incubation period, dur-
ing which the conservative forces are mustering. We can realize, furthermore, in the
light of this hypothesis, how it is that the protection secured in active immunization is
less immediate and also why it is more prolonged than in the passive, since in the latter
the available antitoxin is limited to the dosage and is not replenished as in active
immunity by the continued cell activities of the affected individual himself.

The conception of Ehrlich as to the nature of antitoxin is that of the chemist, and
carries over to the performances of protoplasm the presumptions upon which chemical
reactions in general are conceived and formulated. But this is not an easy matter,
since our knowledge of the ultimate phases of protoplasmic metabolism is very incom-
plete. The physiological chemist presents to us as his final achievement in analysis an
extremely elaborate complex which he calls the proteid molecule. This he does not
yet venture to formulate. Thus it is that when we attempt to illustrate in graphic
fashion our conception of the performances of proteid molecules, either in normal metab-
olisn or in poisoning, we are forced to use the crudest of symbols. The use of such
symbols is not without hazard, for these toxins and these receptors are, in truth, not
histological structures, but molecular groups; they are not alone upon the surfaces, but
through all the mass, of the protoplasm. They do not “break "’ off from the cell, but
are sct free as are other chemical substances which result from molecular transfor-
mations. Thus, if one cannot at last translate these uncouth symbols into the nice
conceptions of the chemist, they will prove but stumbling-blocks.

There has been much discussion of Ehrlich’s hypothesis, and it has withstood many
assaults, mostly inspired by misconceptions of the fundamental claims. The scope of
this book does not permit us to consider the many and ingenious experiments by which
this view of antitoxic immunity has been sustained, nor is it practicable now to call
attention to many of the phenomena not yet accounted for or seemingly inconsistent
with the interpretations here set forth.

It is a working hypothesis which no doubt indicates but crudely the nature of the
subtle processes concerned, as must indeed be the case while our knowledge of the
phases of energy which sway and determine life is still very meagre; but it has already
inspired much fruitful research which is an important feature of working hypotheses
in whatever field, and whatever their ultimate fate.

Bactericidal or Antibacterial Immunity (Bacteriolytic Immunity.)

General Considerations.—An extended series of studies on artificial
immunization has shown, as we have scen, that in relatively few instances,
notably in diphtheria and tetanus, whose inciting bacteria set free in
cultures, as in the body, soluble toxins of great potency, is the protection
secured by the formation of antitoxic substances. Nevertheless, when
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in some of the ways detailed above (p. 162) an animal has been grad-
ually adapted to cultures of pathogenic bacteria either living or dead,
or to their products, it has been found that the body fluids contain pro-
tective substances. The protective action in these instances in some
cases has been shown to be associated with the induction of morpho-
logical changes in bacteria which indicate their damage or destruction—
bacteriolysis. Active immunization in man with the dead bodies of
their respective bacteria has been widely practised in typhoid fever,
Asiatic cholera, and plague, with apparently favorable results, while the
use of the serum of immunized animals, in these and certain other dis-
eases, has not been thus far very encouraging in conferring passive
immunity.

While, therefore, the data at hand in those artificial immunizations
which are not antitoxic, point to the bactericidal and bacteriolytic action
of substances developed in the body as the important, if not the domi-
nant protective factors, there may be many other processes contributing
to the same end, which are as yet not clearly defined. Thus, there may
be increased phagocytosis; vulnerable body-cells may become less suscep-
tible, the growth of bacteria may be inhibited though they be not
destroyed, etc. But these possibilities cannot be discussed here.

Furthermore, it should not be forgotten that the antitoxic action of
protective sera may often be associated with those agents which directly
damage the infecting organism.

As regards the destruction of bacteria in the body, we have scen that
this may take place directly through the action of phagocytes or by the
action of the body fluids. But the details and exact nature of this de-
structive process have been extremely difficult of study, owing to their
complexity and the minuteness of the micro-organisms. Quite recently.,
however, a series of remarkable studies in a related field have led to a
clearer conception of the ways in which bacteria and many other alien
organic substances are destroyed in the body, under ordinary circum-
stances as well as under the special conditions which infection involves.

‘“Pfeiffer Phenomenon.”—Several years ago, Pfeiffer! showed that
the blood serum of a guinea-pig, artificially immunized against the
cholera vibrio, was capable, under certain conditions, not only of immobil-
izing and killing cholera germs in a short time, but also of causing their
disintegration and destruction. This significant capacity of immune
serum was, after a long series of experiments, finally found to be due to
two distincet substances. One of these appears to be formed in the body.
as the result of the gradual adaptation of the animal to the cholera
microbe, and was called the immune substance. The other seemed to
be normally present in the serum of the warm-blooded animals, and to
be identical with the substance which had long been regarded as in
itself germicidal, and which had been called by Buchner alexin. It was
presently found that lysis of the cholera microbe occurred only when
these two substances act together, neither of them when separate having
lytic power. If the two substances, the immune substance and the alexin,

1 Zeits. f. Hygicne, Bd. xvii, p. 355, 1894.
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lytic when together, are heated to 56° C., the lytic capacity is lost. But
if a small amount of fresh blood serum containing alexin be now added,
the lytic power is at once restored. These curious facts, set forth in
part by Pfeiffer and further developed by Bordet and MetchnikofT,
obviously have a significant bearing upon our conception of the proc-
esscs by which those phases of immunity are sccured, in which the
destruction of micro-organisms plays an important part.

But the study of the effects of lytic sera upon bacteria is one of great
technical difficulty, so that it is only since an important series of obser-
vations were made upon the lytic action of the body fluids on other and
more easily studied forms of cells that our conception of the nature of
bacteriolysis has become at all clear.

It is therefore necessary for us to look briefly at a new line of research
bearing upon bacteriolytic immunity which has already led to most sig-
nificant results and opened biological fields of great scope and complexity.

CYTOLYTIC SUBSTANCES—CYTOLYSIS. .

Heemolysins—Haemotoxins.—It has been known for some time that
the blood serum of one animal species, when injected into the vessels of
another, may do serious damage and even kill the latter through a rapid
scparation of the hzmoglobin from the red blood corpuscles. This
dangerous effect brought to a speedy end attempts which were at one
time made to sustain the cbbing forces of life by the transfusion of alien
blood. But the significance of this so-called *‘laking” of the blood by
mixture with alien sera was overlooked.

Bordet, however, was recently led to inquire whether if the animal
body be capable of adapting itself to toxic substances and to bacteria in
such a way as to neutralize the cffects of toxins and to destroy bacteria
as had been shown by earlier experiments, it may not respond similarly
to the introduction of other foreign substances such as alien red blood
cells, for example.

The blood serum of the guinea-pig is not normally lytic for the red
blood cells of the rabbit; that is, it does not cause the separation of the
h@&moglobin from the stromata, with a partial destruction of the latter.!
Now Bordet injected a few cubic centimetres of the whipped blood of
the rabbit, containing the serum and red blood cells, into the subcutane-
ous tissue or peritoneal cavity of normal guinea-pigs. This operation,
which does not markedly interfere with the well-being of guinea-pigs,
was repeated five or six times with intervals of a few days. When now
blood was drawn from the treated pig, allowed to clot, and the clear
serum secured, it was found to have become markedly lytic for rabbit
corpuscles. A very small proportion, mixed with rabbit’s blood diluted
with physiological salt solution, in a short time brought the hemoglobin
into a clear ruby solution in which the stromata or ‘“ghosts” of the
corpuscles floated as a pale and scarcely visible cloud. This process is

! While the serum of the guinen-pig is not normally lytie for the corpuscles of the rabbit, the serum

of the rabbit is lytic for the corpuscles of the guinea-pig. Similarly, normal rabbit serum is not lytic
for the beef corpuscles, but beef serum is lytic for the corpuscles of rabbits and guinea-pigs.
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called h@molysis; serum possessing this capacity is called hemolytic or
hemotoxic serum.

This adaptation of one animal to the red blood cells of another species
may be accomplished without difficulty with a great variety of animals.

But a most remarkable thing about this newly acquired lytic capacity
of the serum is that it is limited to the red corpuscles of the species of
animal whose blood was used for the injeetion—in Bordet’s experiment
to the corpuscles of the rabbit. Red blood cells of the dog, cat, sheep,
bovines, fowl, etc., are no more affected by this serum of a guinea-pig
which has been adapted to the blood of the rabbit than they were before.
In other words, the adaptation to foreign corpuscles is spec.fic.

The statement that this adaptation to alien blood is specific—that is
to say, that the serum becomes active only for the corpuscles of the
species injected—should be so qualified as to recognize the curious fact
that a slight degree of lysis may often be induced in corpuscles of species
of animals very closely related to those from which the injected blood is
derived. For example, if a rabbit be adapted to human blood by intra-
peritoneal injections, the serum of this rabbit, now strongly lytic for the
corpuscles of man, may be slightly lytic for the corpuscles of monkeys.
Similarly, serum artificially lytic for the red cells of goats may be slightly
lytic for those of sheep, but not for the corpuscles of cats, dogs, man,
etc. See for technique of hemolysis tests p. 194.

This form of test, delicate beyond anything hitherto known in physi-
ological chemistry, may thus prove of value in defining the relationships
and limitations of animal species.!

This preliminary observation of Bordet was followed by a series of
studies upon artificial hzemolysis, the results of which we can only briefly
summarize. In the first place, to what is this remarkable acquired lytic
capacity of the serum due? Bordet heated for half an hour to 56° C.
some of the lytic serum secured by adapting the guinea-pig through
subcutaneous injections to the red blood cells of the rabbit. He found
that it had completely lost its new lytic power. Such serum is said to be
inactivated. But when he now added to this inert serum a little fresh
blood serum from a normal guineca-pig, which is not in itself lytic (see
p. 171), the original dissolving power of the heated serum for rabbit
corpuscles was at once restored—reactivated. The inference from this
experiment is obvious. The dissolving capacity of this artificially lytic
serum is due to two distinet substances. One of these, that one which
results from the adaptation of the animal to the alien blood, is stable
at 56° C.; the other, which is present in normal serum, is rendered inert
at 56° C.; that is, it is very labile. These two substances were named
early and have been often renamed. For the present we may speak of
the stable substance resulting from the adaptation to the alien blood
as the immune substance or immune body, and of the other, more sensi-
tive to heat present in normal serum and not increased in the processes
of immunization, as alexin, a name which was long ago applied by
Buchner to a substance or substances in normal secrum, to which its

1 For further data on this subject see Nuttall, * Blood Immunity and Blood Relationship,” 1904.
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germicidal capacity, first clearly demonstrated by Nuttall, was attributed.
But this alexin is now called complement for reasons given on page 177.!

There now followed a series of important studies by Ehrlich and his
associates which throw still further light upon these curious lytic agents.

Separation of Alexin and Immune Substance.—We have seen that in
order to secure the immune substance free from the alexin one has only
to heat the lytic serum to 56° C. for half an hour, when the alexin is
destroyed. If one wishes to secure the alexin apart from the immune
substance he makes use of a very curious property of the latter; namely,
its capacity of uniting with the cellular element under whose influence it
was elaborated. For example, if one places a small portion of the serum
of a rabbit which has been adapted to beef blood in contact with beef
corpuscles at a low temperature? for a few hours, he will find that the
immune substance has formed so stable a combination with the cor-
puscles that on their separation from the fluid by centrifugation in the
cold, none of the immune substance, but all of the alexin, will be left in
the fluid.

That the corpuscles under these conditions actually contain the
immune substance is readily shown by carefully washing them in salt
solution and centrifuging them again in the cold and finally adding to them
a little normal serum—containing alexin, but no immune substance—
whereupon the lysis will at once take place, as shown by the red color of
the fluid. This union of the immune substance with corpuscles, called
“fixation” of the immune substance, is specific, occurring only with the
corpuscles of the animal species used in the adaptation.

Many other points of extreme interest and significance have been
revealed in these studies on artificial heemolysis which the scope of this
book does not permit us to touch upon.

Multiplicity of Immune Substances and Alexins.—The question of a
multiplicity of immune substances and of alexins has been brought for-
ward, and it seems probable, especially from the researches of Ehrlich,
that in adaptation of each animal species to a single form of cell several
immune bodies may be developed. It is possible,though not yet proven,
that more than one alexin may be normally present in the blood serum
of each animal species, and that a single immune body may be capable
of uniting with several forms of alexin.®

Bacteriolysis.—It is evident that this artificial hemolysis, secured by
the adaptation of one species of animal to the red blood cells of another, is
quite analogous to the process by which immunity is secured against
pathogenic bacteria—those of cholera, for example, whose most obvious
poisonous elements are endotoxins—and which is called bacteriolysis.
Both are specific examples of the general process called eytolysis, meaning
cell destruction. But this reaction of hemolysis is not only one of

1Tt has been found that the hemolytic capacity of the normal blood serum, which in many animals,
as we have seen, is very marked for the corpuscles of alien blood, is also due to two substances which
in charncter and action are similar to those which have been so carefully studied in the lytic sera of
artificially adapted animuls.

2 It is necessary to reduce the temperature in this experiment in order to inhibit the action of the

Iytic agencies.
3 It has been shown that lecithin may act as alexin — complement - in this form of cell destruction.
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extraordinary delicacy, but is easily observed under conditions quite
within our control, and permitting such elaborations and variations as
involve great technical difficulties when we are directly engaged with
the phenomena of bacteriolysis.

Thus these studies of heemolysis have a practical significance in their
bearing upon our conceptions of bacteriolytic immunity quitc apart from
the interesting general biological field into which they have led the way.!

Special Cytolysins—Cytotoxins.—The development of eytolytic capac-
ities in the blood serum of the living animal as the result of adaptation
to bacteria and to alien red blood cells being known, it was natural to
extend the method to other cells. Thus it has been claimed that in the
adaptation of one animal to the spermatozoa of another species by
intraperitoneal injections, a serum is obtained which quickly brings to
an end the movements of fresh spermatozoa of the species used—spermo-
lytic serum.

Similarly, specific leucolytic sera have been described as procured by
intraperitoneal injections of emulsions of lymph-nodes, spleen, and bone
marrow. Such leucolytic sera may not only destroy the leucocytes
outside of the body, but they are extremely toxic when introduced into
the living species from which the tissues originated. The effects of these
leucolytic—leucotoxic—sera in the body are most pronounced in the
blood-forming organs. Here, as the studies of Flexner* show, a very
significant impulse to new cell formation may be associated with the
action of the leucotoxic sera.

Emulsions of kidney cells of one species injected into the peritoneum
of another have led to the development of nephrolytic serum; that is,
serum which on injection into the body of an animal of the same species
as that furnishing the kidney cells induces noteworthy degencrative
changes in the kidney. Thus, also, hepatolytic, pancreolytic, thyreolytic,
neurolytic, and other analogous cytolytic substances have been deseribed.
But the earlier view of the specificity of toxic (lytic) substances devel-
oped by the injection of various body-cells—somatogenic cytotoxins
—has been materially modified by later studies. Thus it has been found
that in many of the earlier experiments red blood cells were injected
with the special cells of liver, kidney, ete., and the hemagglutinative
sera induced thrombi which led to local necroses, confusing the results.
Furthermore, it has been found by Pearce and others that even blood-
free organ cells are capable of inducing he#motoxins as well as the specifie
toxins. It appears, therefore, that specificity is not so much a matter
of cell morphology as of molecular structure; that is, of receptors.

Thus Pearce found that the sera secured by the injection of washed
liver, kidney, pancreas, and adrenal cells, all agglutinate and haemolyze
red blood cells; that some of them have no effect upon organs for which
they were formerly believed to have a specifie affinity; and, finally, that
only the so-called nephrotoxin has a distinctly injurious cffect upon the

1 For technic of hemolysis cxperiments and the adaptation of animals to alien substances see

pp. 194 and 195.
2 Flerner, Univ. of Penn. Med. Bull, vol. xv., 1902, p. 287; also Bunting, ibid., vol. xvi., 1803,
p. 200.
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organ by the injection of which the alleged specific serum was derived.
Pancreas and adrenal serum Pearce found to be devoid of special action
in these organs, while the lesions of hepatotoxin are doubtful and may
be produced by other sera.!

So far as they have been studied, the nature of the active agents in
these various cytolytic sera and their mode of action are analogous with
those in heemolytic sera. Here, as there, the action is due to two groups
of substances: one, the “immune body,” stable and increased by the
adaptive process; the other, the alexin, occurring normally in the body,
not increased in adaptation, and readily destroyed or rendered inactive
by heat.

All of these last-mentioned forms of cytolytic sera require more
extended study before far-reaching conclusions should be drawn from
them. But it is now evident that the different functional types of cells
in one animal are capable in the adaptation to the economy of another
of inciting more or less definitely specific responses, as shown by the
various types of cytolytic sera which are formed.

When one musters all the possible combinations in this form of adap-
tation and considers the probability that multiple immune bodies may
develop in each instance, and that these, furthermore, may correspond to
multiple alexins, the complexity of artificial cytolysis becomes evident.

Antigens —We have seen that the introduction into the living organ-
ism of alien protcid substances of many kinds, derived from animals or
plants, some of them poisonous, many of them not, incites the formation
of so-called antibodies of divers sorts. It has been found convenient to
call these “antibody producers,” or, more correctly, ‘‘ antibody incitors,”
antigens.

Anticytolysins.— But now still another phase of this subject demands
a word. These cytolytic or, as some prefer to call them, cytotoxic sera,
when introduced into the living bodies of the species from which the cells
inciting their formation are derived, act as toxins to which the organism
responds, cach after its kind, by the development of antitoxic substances.
These are called anticytolysins or anticytotoxins.

Let us look at an illustration of this interesting point. The blood
serum of the normal guinea-pig has, as we have seen, no lytic action on
the red blood cells of the rabbit, but after the adaptation of the guinea-
pig to the blood of the rabbit by repeated intraperitoneal injections, the
guinea-pig serum is strongly lytic for the rabbit corpuscles in test-tubes
outside the body. But this lytic serum is not less toxic when introduced
into the body of the rabbit. Under these conditions the rabbit produces
an antitoxin, an antihzmolytic substance, which is in solution in his
serum. If a little of this antihemolytic serum be mixed with some of
the lytic serum from the adapted guinea-pig, it will be found, on the
addition of rabbit corpuscles, that the lytic scrum has lost its power, just
as ‘diphtheria toxin loses its harmful properties on mixture with diph-
theria antitoxin. Thus may be formed a great variety of specific ““ anti-

! For further details on this subject see Pearce, Univ. of Penn. Med. Bull., xvi., p. 217, 1803; Jour.
Med. Res., xii., p. 1, 1904; Jour. Exp. Med., viii., 1906.
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bodies’—anticytolysins—from sera which are normally lytic or have
become so through experimental adaptations.

Isolysins and Autolysins.—In view of the remarkable results of the
adaptation of the body to alien cells from different animal species which
we have reviewed, it was natural to ask how an animal would respond to
the introduction into the recesses of his body of cells—red blood corpus-
cles, for example—from another individual of the same species. It was
found, in fact, that under these circumstances lytic substances are
sometimes, though not uniformly, developed. The possibility of the
formation of isolytic substances was thus established. But if this be
possible, why, it was asked, may not autolytic substances be formed by
the adaptation of an animal to his own cells experimentally displaced?
Such substances have, however, not been found under the experimental
conditions thus far observed.!

Still it is well known (see p. 98) that cclls and tissues worn out
from use, or dead as the result of injury, inflammatory exudates, ete.,
are constantly removed from the living body by processes apparently
analogous to, if not identical with, those which can be experimentally
evoked. So that autolysis in some form secms to be an important
factor in the maintenance of the integrity of the body (see p. 106). Just
what the agencies are under which normal living tissue cells are pro-
tected from the action of autocytolytic substances is not yet clear.
But the multiplicity of known “antibodies” justifies the conjecture
that such substances—anticytolytic—may be constantly formed and
act as safeguards to living and useful cells (see p. 191).

The Application of Ehrlich’s Hypothesis to Cytolysis.—If we now turn to the
various hypotheses which have been advanced to account for the formation and
action of these cytolytic substances, we find that an elaboration of Ehrlich’s views as
applied to antitoxin is here a source of grgat illumination. It is evident at once, how-
ever, that the matter is not so simple as 1n the case of antitoxin, because we have here
two substances at work, the immune body and the alexin. Neither the immune body
nor the alexin alone induces cytolysis. They must act together.

The phenomena are, in the main, accounted for if we assume that it is the alexin
which, when the necessary conditions are fulfilled, exerts the destructive action upon
the bacterial or animal cell. But the alexin cannot enter under ordinary conditions
into direct chemical combination with the cell receptors. The union is effected only by
the intervention of the substance which is increased in amount in the process of
adaptation; namely, the immune body. .

A long series of experiments has led to the belief that the immune body has two
free atom complexes which enable it to form chemical unions. Through one of these
atom complexes it unites with the cell or bacterium to be destroyed; through the other
it is joined to the alexin. Then, and not until then, is the alexin so linked to the cell
that its toxie or destructive action upon the cell occurs.

This conception may be illustrated, as in the case of antitoxin, by crude figures.

Here it should be remembered we are illustrating, not the production of the cyto-
lytic substances, which we shall speak of later, but the action of them upon the cells
to be destroyed. .

Let a—Fig. 109, A—Dbe the cell which is to be destroyed, with one of its receptors
indicated at d. Let b represent the immune body with one atom complex e capable of
uniting with the cell receptor d, and with another f capable of uniting with the alexil.l

1 Some observations are recorded in which, after profuse internal hamorrhage, hematuria has
developed, indicating the possibility of autohemolysis under special conditions.
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cthrough g. Now the alexin which appears to be the effective agent in the destruction
cannot unite directly with the cell receptor. When, however, it becomes linked to the
cell by means of the immune body, b, its destructive capacity can come into play.

In a similar way one may indicate the action of anticytolytic substances which may
be effective through union either with the alexin or with the immune body, as shown
in Figure 109, Band C. In B the‘“antibody " h prevents the linking of the alexin ¢ to the
immune body b by itself uniting with the former. It then acts as an anti-alexin. In
C the antibody “i"’ prevents the linking of the immune body b to the cell receptor d,
and hence acts as an anti-immune body. We shall see in a moment why at present the
suhstance here spoken of as anti-alexin is usually called the anticomplement.

The experimental evidence that the anticytolytic substances may be thus due to
the formation of adaptive substances of two classes, anti-immune substances and anti-
complements, cannot be entered upon here.

o —---C
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FiG. 109.—D1aGRAM ILLUSTRATING CYTOLYSIS IN ACCORDANCE WITH EnrLICH'S HYPOTHESIS.
A—a, Cell; b, immune substance (amboceptor): ¢, alexin (complement); d, cell receptor; ¢, atom

complex of the amboceptor capable of uniting with the receptor, d; /, atom complex of the amboceptor
capable of uniting with the haptophorous group, g, of the complement, c.

B—a, Cell; b, inmune substance (amboceptor); c, alexin (complement); d, cell receptor; A, anti-
alexin (anticomplement).

. C—a, Cell: b, immune substance (amboceptor); c, alexin (complement); d, cell receptor; i, anti-
immune substance (anti-amboceptor).

In view of the rationale of cytolysis, as just set forth, we may consider the immune
substance to be an intermediary between the alexin and the cell to be destroyed; or, on
the other hand, we may consider the alexin as the complement to the immune sub-
stance, since only through their union is the toxic action possible.

In fact, following Ehrlich, one sometimes speaks of the immune body as the inter-
mediary body, or intermediary substance; but since it is furnished with two combining
affinities, it is now usually called the amboceptor. Furthermore. since the experimental
analysis of the lytic process by the new technique has shown that the germicidal and
destructive action of hlood serum, formerly supposed to be due to a single substance
called alexin, is really due to the combined action of two substances, the use of the
word alexin for one of them is misleading and has now been largely given up. The

12
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substance present in the serum of both normal and adapted animals through which
lysis is effected when it is linked to the cell by the amboceptor is called the complement.
Other names have been applied to these hypothetical complexes or substances which
we cannot consider here.!

This, then, is the rationale in accordance with Ehrlich’s hypothesis of the action of
these cytolytic or cytotoxic substances, either existing naturally, as they do in some
animals, or being called forth in larger quantities in the process of adaptation to the
cells which they destroy. This view has been most fully tested upon h®molytic sera,
since here the reaction is most easily studied. But so far as one can see, it applies as
well to the phenomena of bacteriolysis, whose direct study is much more difficult. It
should, however, be borne in mind that the erythrocytes are very delicate and very
peculiarly constituted cells, and it is possible that inferences drawn from hzmolysis
are not applicable without qualification to other and less vulnerable cell types.

The origin of the amboceptors of these cytotoxic substances is accounted for in the
same way as in the case of antitoxin. The alien cells or substances which are intro-
duced into the animal, and to which it proceeds to adapt itself, lead, through union
with such body-cell receptors as may be fitted to them, to the overproduction of these
special complex receptors. These are presently cast off as superfluous to the body-cell
producing them, and are then free as amboceptors in the body fluids.

As in the case of antitoxin formation, it is probable that the cell receptors which
are thus increased are normally concerned in cell assimilation, and it is not unlikely
that their complex character may have some relationship with the complexities of the
“giant” protein molecules, which must suffer initial changes before becoming fit
for assimilation. At any rate this hypothesis assumes that in the process of adapta-
tion either to toxic substances or to foreign cells or other protein material, the body
develops no new capacities, but only an exaggeration of those already existing.

As to the exact source of the amboceptors in artificially immunized animals we
cannot yet speak with certainty.

The Action of Phagocytes in Cytolysis.—It was inevitable that the
remarkable studies just summarized on cytolytic sera should have led
to a clearer conception of the manner in which phagocytes destroy bac-
teria and other organic substances. It is no longer permissible to hold
as distinct and unrelated processes the action of phagoeytes and the
action of the body fluids in the destruction of foreign substances in the
body.

Metchnikoff, the learned and able advocate of the importance of
phagocytosis in the protection of the body against micro-organisms, now
recognizes the importance of the adaptive substances, some of which may
be largely increased in amount in the processes of immunization. More
strenuously than other observers, however, he insists upon the phago-
cytic cells, especially the leucocytes, as the originators of the substances
concerned in cytolysis, and holds that under ordinary conditions it is
only within these cells that these substances are effective. In artificially

1Tt was natural in the early studies on bacteriolysis, which were incidental to researches on im-
munity, that the new substance which was found in the serum as the result of the immunizing process
should be called the immune substance or immune body. It was natural also, although less appropriate,
to apply the same term, **immune substances,” to the analogous substances which appeared in the
serum as the result of the injection in the same fashion of cells and other materials which were not infec-.
tious, not disease-producing, and against which, therefore, the body is not, in the old sense, immunixed.

But these new uses of the word are, I think, unfortunate because the word ** immunity "’ has come
to have a special and useful significance in relation to infection, intoxication, and other conditions of
natural or acquired tolerance to obviously and seriously harmful agents. The process in both instances
is, indeed, one of adaptation, and the newly acquired capacities of the serum are due to substances
resulting from this adaptation. They arise from a functional modification of parts of the body, and
hence may be approprintely called adaptive substances. It seems to the writer that it would be better

to consider immunization as a special phase of adaptation, and so limit the application of the word that
it shall still connote infection and intoxication in the traditional sense.
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immunized animals, however, the intermediary substances, it is conceded
by Metchnikoff, may be set free from the cells which produce them and
mingle with the body fluids. The complement, on the other hand,
which he, in common with others of the French school, calls eytase, in
recognition of its ferment-like characters, Metchnikoff does not believe
to be set free in the body fluids except through some damage to the
leucocytes in which it is formed. Such a damage, for example, as
befalls the leucocytes in the clotting of the blood; for in this process it
is assumed that the setting free of the fibrin ferment involves the destruc-
tion—phagolysis—leucolysis—of the leucocytes.

The views advanced by Bordet and others of the French school
regarding the union of the amboceptors with the cells to be destroyed
are less precise than those of Ehrlich. Both, however, recognize the
importance of an association of the amboceptor as a condition for the
effective action of the complement (cytase). It is for this reason that
the amboceptor is called by Bordet, Metchnikoff, and others, the sensi-
bilizing substance (substance senstbilisatrice) or the fixative (fixateur).

Finally, a long and ingenious series of experiments has led Metchni-
koff and his associates to believe that there are two forms of cytase, one
called macrocytase, formed by the macrocytes (large lymphocytes
derived from the spleen, lymph-nodes, and certain endothelial and
connective-tissue cells) and concerned in the destruction of animal cells,
such as red blood cells, leucocytes, spermatozoa, various parenchyma
cells, ete.; and microcytase, derived from the microcytes (polymorpho-
nuclear leucocytes), which is active in the destruction of bacteria (see
p- 104).

The greatest diversity of view concerning the cytolytic process
between Metchnikoff and his followers and the observers of the Ehrlich
school relates to the question whether the complement (cytase) does or
does not exist free in the blood plasma, for upon the answer to this
question depends largely our belief as to the relative significance of
intra- and extracellular cytolysis. This is one of the points concerning
which more data are urgently nceded. But even now the views of
Metchnikoff are not inconsistent with the hypothesis of Ehrlich.

There is reason to believe that bacteria are destroyed within phago-
cytes by the action of enzymes' in a manner analogous, at least, with
that of their destruction in the bacteriolytic fluids which we have just
considered. But just how these intracellular processes are fostered by
protective sera is not clear.

AGGLUTINATIVE SUBSTANCES.

Agglutinins.—But there are important adaptive resources of the
living body when called upon to deal with forcign material of special
character introduced in unusual ways into its recesses in addition to
those just considered.

The phenomenon of agglutination has been widely known for several

1 See Opte, ref. p. 105.
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years, especially on account of its practical application in diagnosis.
The general fact is that as an individual adapts himself—that is, becomes
immunized—to a special bacterium or its toxic products, either in the
course of an infectious disease or as the result of artificial processes,
his serum, if placed under suitable conditions in contact with cultures of
this special micro-organism, may speedily immobilize the organism if it
be motile, and, whether motile or not, lead to its clumping into irregular
masses. This reaction has been used, not only as a clinical test of
special infections,! but also as a means of differentiating species or
varieties of bacteria.

GROUP AGGLUTINATION.—But the serum of an animal adapted to a particular
bacterial species sometimes has the power of agglutinating closely related organisms,
such, for example, as members of the colon-typhoid group. .

However, the organism used for adaptation—the so-called ‘“ homologous’’ organ-
ism—usually agglutinates in so much greater dilutions than do the other organisms of
this group—the heterologous organisms—that with due care, in spite of the group
agglutination, the test is useful.

Recent studies have emphasized the fact that agglutination is a
much more general phenomenon than has been commonly supposed, and
is by no means limited to the sera of animals immunized against bacteria
and bacterial products.

For example, in the adaptation of one animal to the red blood cells
of another species, the serum of the adapted animal may become not only
lytic but agglutinative also for the corpuscles used for the injections.
This is true not only in adaptation to red blood corpuscles but to other
cells as well. We have, then, to add agglutinative substances or agglu-
tinins to the list of those which are developed in the body in this form of
adaptation. (See Table, p. 188.) These also, within the limits already
set forth, are specific.

Just as the specific red blood cells are capable of “ fixing”’ the immune
substance in lytic serum, so also the agglutinating substance may be
“fixed” and removed from serum by placing in contact with the serum
some of the corpuseles of the particular animal species or some of the
bacteria under whose influence the agglutinative substances were formed.

While agglutinative substances are developed in the process of
immunization, they are not, so far as we know, directly protective, though
by the grouping of micro-organisms the action of phagocytes may be
favored. The virulence of pathogenic bacteria is not reduced by agglutin-
ation.

The agglutinative seem to differ in many ways from the lytic sub-
stances. Thus their activities are not suspended by a temperature of
56° C. They become inert, however, at a higher temperature—70° to
78° C.—and their agglutinating capacity is not restored by the addition
of normal serum. It is inferred from this fact that the receptors con-
cerned in agglutination are of simpler character than those through
which lysis is secured.

1 For the general demonstrative test for agglutinin see p. 193. For details of special applications of

the agglutination test see Wood's ‘' Chemical and Microscopical Dingnosis,” or other works on clinical
pathology.
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The normal blood serum of some animals contains substances which
are agglutinative for the red cells of other species. Thus, normal beef
serum is agglutinative for the corpuscles of the cat and rabbit. This
capacity of the normal serum sometimes is, sometimes is not, associated
with marked lytic capacity.

The mode of action of these so-called agglutinins is not yet very
clearly understood, but a great many interesting facts have been devel-
oped in the studies on the general phenomena of agglutination which we
cannot mention here.

The specific character of the agglutination reaction has led to its
use in determining the nature of many infections, the serum of the
infected individual being used with cultures of known micro-organisms.
On the other hand, the test is often useful in determining the specific
character of closely related micro-organisms and their variations.!

PRECIPITATING SUBSTANCES.

Precipiting.—There is still another way in which the body reveals
adaptive alterations in the presence of foreign proteid substances. If
a few cubic centimetres of the blood-serum or exudate containing globulin
from one animal be injected into the subcutaneous tissue or peritoneal
cavity of another species in repeated doses, it is found that, on adding a
little of the blood serum of the adapted animal to a dilution of the fluid
injected, a precipitate is formed. This reaction is also specific, save
that in some instances body fluids from closely related species, such as
man and monkey, fowl and pigeon, sheep and goat, horse and ass, dog
and fox, may both afford a precipitate. But this precipitate is invari-
ably much more marked in the fluid used for adaptation than in the
similar fluid from the related species.

This reaction is extremely delicate, it having been possible to recog-
nize human blood in a dilution of 1:50,000.

By the use of this test Nuttall, who has made very extensive observa-
tions, has been able to demonstrate in a most striking fashion phylo-
genetic relationships between animal species and groups of species, both
warm and cold-blooded, which have an important bearing upon classi-
fication.?

THE PreEcipiTIN TEST IN FORENSIC MEDICINE.—The use of this precipitation test
has been urged in forsenic medicine to reinforce the present unsatisfactory methods of
distinguishing between human and other blood. For if one have a rabbit or other
animal artificially adapted to human blood from which fresh serum can be secured
(even the dissolved dried serum will answer), he has only to dissolve in a little salt solu-
tion a suspected blood clot, and, mixing the two, observe the result. If, under suitable
conditions of dilution, cloudiness develops within a short time or if a precipitate be
formed, it is claimed that the suspected material could have been derived from no
other animal than man. Since, however, it has been found that the blood not only of
monkeys but of some other of the lower animals may give slight precipitates under
these conditions, and since other human fluids containing albuminous substances, such

1 See for agglutination tests in classification Park, Jour. Inf. Dis., Suppl. No. 2, Feb., 1906, p. 1.
2 See Nuttall, ** Blood Immunity and Blood Relationship,” 1904.
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as saliva, pus, inflammatory exudates, etc., may also give precipitates, it is evident
that the result of this test should be interpreted with great caution.! See technique
of precipitin test, p. 194.

The white of a hen’s egg, injected into the peritoneum of a rabbit, after
a time gives rise to substances in the rabbit’s serum which induce a
precipitate in fresh solution of hen's egg albumen. No precipitate is
produced by this serum in albumen solutions from the blood of the
mammalia, and only a slight precipitate is formed in the egg albumen of
related fowls, such as the duck, for example.

It has been stated that by the adaptation of the living animal to
extracts of muscle tissue from another species, precipitating substances
may be formed in the serum which are specifie for the muscle used in the
injection.

Milk of one animal thus introduced into the body of another gives
rise to a substance in the adapted animal which causes a precipitate in
the diluted milk used for injection, but not in the milk of another species,
save sometimes in slight degree in milk from closely allied animals.

This reaction is also applicable to plant albumens. Thus, if an ani-
mal be adapted to a given species of bacteria, its blood-serum, on being
added to the clear filtrate of the pure culture, throws down a precipitate
which is in some instances light, in others voluminous. This reaction is
again specific, except within the group limits of related species. Thus,
as Norris has shown,? precipitating substances which are developed by
the adaptation of the rabbit to the typhoid bacillus induce a slight pre-
cipitate in the culture filtrate of the colon bacillus, but not in the filtrate
of B. prodigiosus, for example.

Numerous experiments have shown that other vegetable albumens call
forth specific adaptive precipitins.

This precipitation test is so delicate that it appears possible not only
to distinguish the albumens from different animal and vegetable species,
but to differentiate also some at least of the various albuminous sub-
stances in the individual.

Anti-precipitin.—Finally, it is worthy of note that it has been possi-
ble, by the adaptation of a fresh animal of the appropriate species to
these precipitating sera, to obtain ‘“antibodies”; in the case of milk
adaptation, for example, by the use of the so-called lacto-serum, to
secure an antilacto-serum capable, when added to the test fluids, of
preventing the formation of the specific precipitate.

Nature of Prectpitin—A great deal of most careful research has been
devoted to the nature of the precipitating substances which the scope
of this book does not permit us to touch upon. But it should be said
that in their resistance to heat and in other ways the precipitating sub-

1 For a study of the precipitation test for blood, bibliography, see Graham-Smith, Jour. of Hygiene,
vol. iii., pp. 258 and 354; also Ewing and Strauss, Med. News, Nov. 7th and Nov. 14th, 1903,
bibl.; also Robin, N. Y. Med. Jour. and Phila. Med. Jour., March 5th and 12th, 1904; also Nuttall's
book, ref. above, p. 181. For the suggestion of a new method of differentiating bloods by a hsemolysis
test see Neiaser and Sachs, Berl. klin. Wochensch., 1905, p. 1388. For special details of the most re-
cent methods, see Uhlenhuth and Weidanz, Praktische Anleitung zur Ausfuhrung des biologischen

Eiweissdifferenzierungsverfahrens, 1909; and Leers, Die forensische Blutuntersuchung, 1910.
2 Norris, Jour. of Infect. Dis., vol. i., p. 463, 1904.



THE RELATIONS OF MICRO-ORGANISMS TO DISEASE 183

stances appear to be more closely related to agglutinating than to lytic
substances. It has been shown that the specific serum precipitates are
capable of fixing complement and removing it from solutions as immune
substances may be fixed and removed—red blood cells for example—
by the specific elements which incite their formation, see p. 172.

The Adaptive Bodies not Permanent.—The cffects of foreign cells and
their derivatives upon whatever body cells produce the lytic, agglutin-
ating, and precipitating substances are apparently not lasting, since if
the injections be suspended they gradually disappear from the serum.
The time of their disappearance, however, like that of appearance, is
not regularly the same, even in the same animal.

OPSONIC SUBSTANCES-—OPSONINS.

The importance of phagocytosis among the agencies protective
against micro-organisms has been for some time fully recognized and
many facts are known about their ingestion and intracellular destruction.
But the exact processes by which this is secured and the effects of natural
and artificial immunization upon phagocytosis are still obscure. It
has been assumed that the protective substances in the plasma of immu-
nized individuals stimulate the phagoeytes to theingestion and destruction
of micro-organisms, and so-called stimulins have been the subject of
much discourse. It has been claimed that through the germicidal
power of the serum, bacteria are killed and are then, more readily than
when living, engulfed by phagocytes. But the existence of stimulins
has not been demonstrated, and it is now well known that living as well
as dead germs are ingested and destroyed by phagoeytes. It has been
assumed by many that the promotion of phagocytosis by immune sera
is due to a sensitizing substance (substance sensibilisatrice) which by
action on cither the leucocytes or the bacteria changes a negative
chemotaxis into a positive.

In 1904 Wright and Douglas,? by the use of methods suggested by
Leishman,® discovered in normal human serum, and in larger amounts in
the serum of persons who had been immunized to certain micro-organ-
isms, substances which when placed in contact with the specific bacteria
are capable, without inducing appreciable morphological changes, of
so modifying them that they are more readily taken up by polymor-
phonuclear leucocytes than are the bacteria which have not been sub-
ject to this preliminary treatment (sce Fig. 110). These substances
Wright and Douglas called opsonins.* Those opsonins tested by these
observers were found to be rendered inert by heating for half an hour at
60° C.; but later studies of others have shown that some opsonins—
the opsonin of immune sera, for example—are more thermostable,
resisting temperatures above 70° C. It was shown by suitable experi-

1 S8ee Gay, Centrbl. f. Bak., Bd. xxxix., p. 603, 1905. This capacity of precipitates to fix comple-
ment has an important bearing on the accuracy of the Wassermann and Noguchi tests, p. 278.

2 Wright and Douglas, Proc. Royal Soc., 1903, vol. Ixxii., p. 357; also ibid., 1904, vol. Ixxiii., p. 128.

3 Leishman, Brit. Med. Jour., 1902, vol. i., p. 73.

¢From the Latin opsono, I prepare food for.
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ments that opsonins do not act upon the phagocytic cells, but only upon
the bacteria.

Many studies of the serum of normal and immunized men and animals
have been made by others since the announcement of Wright and
Douglas. They are in general confirmatory and many new and interest-
ing facts have been discovered relating to these protective substances
—opsonins—present in the serum of normal individuals and markedly
increased in the serum of those who have undergone natural or artificial
immunization to special forms of bacteria.?

Neufeld and Rimpau? found in the serum of artificially immunized
animals, substances acting, not upon the phagocytic cells, but upon the
bacteria in such ways as to promote their ingestion. These substances

[}
:

FiG. 110.—PHAGOCYTES, SHOWING THE EFFECT OF OPSONIC SUBSTANCES IN PREPARING BACTERIA
FOR INGESTION BY LEUCOCYTES,

In the cell to the left the staphylococci were placed in contact with normal serum: in the ce.ll to
the right the cocci had been in contact with the serum of an animal artificially immunized to the micro-
organism. The cocci thus sensitized by the opsonic substances in the serum of the immunized animsl
have been taken up much more abundantly than those not thus prepared.

Neufeld and Rimpau called bacteriotropic in distinction to bacteriolytic
substances sometimes formed in immunization, but they are apparently
identical with opsonins.

It has been shown by Hektoen and Ruediger® that the opsonins in
serum and plasma resemble toxins in that they apparently have toxoph-
orous and haptophorous molecular groups (see p. 167), by which, on
the one hand, they secure union with the bacteria, and, on the other,
effect changes in these organisms which render them susceptible to
phagocytosis.

The opsonie substances occurring normally or developing in immune
serum are not alone capable of preparing bacteria for cell ingestion, but
other formed elements as well, red blood cells, for example.* Sub-
stances opsonic for red blood cells have been called h@m-opsonins or
erythrocylo-opsonins, in distinction to the bacterio-opsonins. The relation-
ship of opsonins to other immune substances—amboceptors and agglu-

1 The substance or substances which Wright and Douglas called opsonins had apparently been
previously described by Metchnikoff as firateurs, of which there seem to be two forms, bacterioly tic and
phagocytic: see Lohlein, Ann. Inst. Pasteur, t. xx., p. 939, 1906.

2 Neufeld and Rimpau, Deut. med. Wochenschr., 1904, p. 1458; also Zeits. f. Hyg. u. Infkr., Bd.
li., p. 283, 1905.

3 Hektoen, Jour. Inf. Dis., vol. iii., p. 721, 19086.
4 Neufeld and Topfer, Centbl. {f. Bakt., Abth. I., Orig. Bd. xxxviii., p. 456, 1905.
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tinins—formed in similar adaptive processes is not yet clear, but they
appear to be distinct.

Phagocytosis of red blood corpuscles by endothelial and other cells
in the lymph-nodes, bone marrow, spleen, etc., is common in various in-
fections, notably in typhoid fever (see p. 239), as well as in toxic and
anzmic conditions.

Hektoen! has found that normal serum may contain opsonins for
heterologous as well as homologous erythrocytes, and that the adapta-
tion of animals to alien blood commonly gives rise to the accumulation
of hemo-psonins in the blood. He has shown, furthermore, that leuco-
cytes in varying degrees may be phagocytic for opsonized red blood cells.
An interesting example of spontaneous phagocytosis by leucocytes has
been noted occurring after direct transfusion in a case of pernicious
anzmia.?

Opsonins of immune sera appear to be speeific, cach uniting only with
the formed clements under whose influence the spécial adaptation is
secured. In this union—called “fixation” of the opsonin—the formed
elements—bacteria or red blood cells—are said to be sensitized, and
from a serum containing several specific opsonins each can in turn be
removed by fixation to its special cells and the separation of these by
centrifugalization, just as specific amboceptors may be separated from
hemolytic or bacteriolytic sera. (Sec p. 172.)

The nature of the alterations which bacteria and other cells undergo
by their union with opsonins is not understood. The bacteria are not
killed or their capacity for growth diminished by it. The opsonins of
immune sera of the lower animals sensitize bacteria and erythrocytes
to human leucocytes, and vice versa. Thus the leucocytes of animals
as well as those of man may be used in the determination of the presence
of opsonins in sera.

It is clear that opsonic action is of the highest impdrtance in promot-
ing phagocytosis. It is also evident from the numerous studies which
have been made on the subject that in many instances this mode of de-
struction of bacteria by phagocytes is often effective under conditions
in which extracellular bacteriolysis does not suffice for the protection ot
the infected individual.

The mere fact of phagocytosis, however, is not evidence of success-
ful protection, since the ingested bacteria may destroy the phagocyte at
once, may possibly gain in its interior by adaptation an exalted viru-
lence, or may be transported to various parts of the body.

The virulence of bacteria has an important bearing upon the effect-
iveness of phagocytosis. It has been found that bacteria of high viru-
lence are much less susceptible to phagocytosis than are the less virulent
strains of the same species, both in normal and in immune sera. It
would appear that virulent bacteria may be protected from phagoeytosis
both by their insusceptibility to opsonification and their capacity to
produce substances harmful to the phagocytes.

1 Hektoen, Jour. Inf. Dis., vol. iii., p. 434, 1906.
? Hopkins, Arch. Int. Med., 1910, vi., 270.
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In the light of the new knowledge of opsonins and their relations to
phagocytosis, the occurrence of leucocytosis in various infections becomes
of special significance. For if either a local or general leucocytosis be
fostered hand in hand with the effective production of opsonins, the
conditions would appear to be most favorable for the control of the
infectious processes.

Clinical Significance of Opsonins.—The determination of changes in
the opsonic power of the blood serum is claimed by Wright and his fol-
lowers to be of great practical importance as a guide to the administration
of immunizing substances in the treatment of certain forms of infection.
For a rise in the opsonic content marks, in accordance with this view, the
successful development of those protective substances in the body which,
by uniting with the bacteria, favor phagocytosis. If, on the other hand,
after the administration of immunizing substances, the opsonic power
falls, as is sometimes the case, and continues low, the indication is for a
reduction or suspension of the dosage.

Remarkable curative results are recorded as the result of the admin-
istration of sterilized and standardized suspensions of the dead bodies
of Staphylococcus pyogenes aureus in furunculosis and carbunele, and
of the tubercle bacillus in tuberculosis, especially in its local phases,
as well as in other infections.  But for success in these or other forms of
artificial active immunization with the dead bodies of specific micro-
organisms, great stress is laid by Wright on the control of the treatment
by the constant observation of the opsonins. The dead bodies of cultures
used in this way are called by Wright and his followers “ vaccines.”!

FiG. 111.— Grass CAPSULE FOR DRAWING A SMaLL AMOUNT oF Broop rrom THE FinGgER TiP.
As suggested by Wright.

OrpsonNic POwWER AND 118 DETERMINATION.—Studies of the effects of opsonins upon
bacteria as marked by phagocytosis are readily made outside the body. The
simplest form of observation may be made by mixing equal parts of defibrinated blood
and a suspension of a bacterial culture in 0.85-per-cent. solution of sodium chlorid,
keeping this for fifteen to twenty minutes at 37° C., staining smears made upon a
slide, and then determining the average number of bacteria found in the polymorpho-
nuclear leucocytes. Since, however, under these conditions, the leucocytes are too
few to obtain readily the averages of a large number, it has been found desirable for
most purposes to concentrate the leucocytes by the centrifuge. The blood is diluted
as it is drawn with a solution of sodium citrate 1.0 per cent. in 0.85-per-cent. solution

1 This use of the word vaccine is not altogether to be commended, since the analogy between these
substances and those used in the traditional vaccination for smallpox is not close. For a summary
of the methods of preparing vaccine, see Hiss and Zinszer, ** Text-book of Bueteriology,” p. 284, 1910.
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of sodium chlorid. This prevents coagulation, and the performances of living
leucocytes are not interfered with. This dilution can be effected by drawing blood
from the finger tip into small glass capsules (Fig. 111) containing the sodium-citrate
solution. This blood dilution may now be centrifugalized, and the leucocytes,
which take a place above the red cells, may be drawn off by a pipette, washed with
salt solution, and centrifugalized twice to remove the citrate, and then mixed with
the bacterial suspensions and with the serum to be tested. This mixture is incubated
for fifteen to twenty minutes; the smears are stained by the Jenner method (see
p. 468).

In comparative studies it is necessary to free the leucocytes from their own serum
by repeated washing in salt solution with centrifugalization, before testing their phago-
cytic power with bacteria exposed to an heterologous serum. Such washed leucocytes
are found to be incapable of ingesting many forms of bacteria.

The determination of the opsonic power of sera in routine practice, following
largely the suggestion of Wright, may be briefly outlined as follows.

This capacity of the serum is tested and measured by mixing three substances:

1. Washed living leucocytes from man, one volume.

2. A uniform suspension of a culture of the selected micro-organisms, one volume.

3. The serum whose opsonic power is to be tested, one volume.

These three substances are mixed in capillary tubes and kept for fifteen to twenty
minutes at 37° C. A portion of the mixture is then smeared upon the slide and stained
by the Jenner method! which stains both the phagocytes and the bacteria. Now
under the microscope one examines the leucocytes as they come into the field, and
counts the number of bacteria which each leucocyte has ingested. At least forty of
these leucocytes should be examined. The average number of bacteria in the leuco-
cytes obtained by dividing the whole number of bacteria found by the number of
leucocytes examined, gives what is called the phagocytic count.?

Orsonic INpEx.—If the phagocytic count obtained with the use of the serum of
normal man be considered as the unit, the proportion which the phagocytic count of
the special serum bears to the unit is called the opsonic indez.

Thus, if the average number of bacteria ingested by the leucocytes after exposure
to normal serum is 5, and if the average number ingested by the phagocytes after ex-
posure to the special serum to be tested should be 4, then, reducing the figures to the
basis of unity for the normal serum, the opsonic index would be 0.8.

The significance of the opsonic index in the treatment of infections and the value
and mode of action of the bacterial ‘“ vaccines’ are still sub judice. Many factors in
the life and performances of the individual seem to modify the opsonic index; the
variation in the number of bacteria ingested by phagocytes is so great that the validity
of averages in determining the opsonic index must in each case be carefully judged.
Variabilities in the characters of the leucocytes have not yet been fully investigated, so
that altogether, while great theoretical and practical interest attaches to the bacterio-
tropic substances called opsonins, it remains for further and much more extended ob-
servation to determine their real significance® and the practical value of the so-called
“vaccines” in various infections. Finally, the importance of the opsonic index as a
guide to immunization by “ vaccines’’ has not yet been established.

1 See p. 468.

?For the determination of the phagoeyte count in opsonized tubercle bacilli the following procedure
is recommended by Ross:

1. Fix smears of opsonized bacteria and leucocytes in a saturated aqueous solution of corrosive
sublimate for one-half minute. -

2. Rinse quickly in water.

3. Stain with Ziehl's carbolic fuchsin, heating the slide until the fluid barely steams (boiling
injures the leucocytes).

4. Rinse quickly in water.

5. Decolorize quickly—a few seconds—in 2.5-per-cent. sulphuric acid.

6. Wash in five-per-cent. glacial acetic acid for one minute or less.

Counterstaining may be effected in the following solution: methylene blue, 0.5 gramme; sodium
carbonate, 0.5 gramme: water, 100 c.c. Stain about one-half minute. Rinse in water.

3 For an excellent summary of phagocytosis and opsonins see Hektoen, Jour. Amer. Med. Assn.,
vol. xlvi., p. 1407, 1906. For bibl. and summary of opsonins see Potter, Ditman, and Bradley, Jour.

Amer. Med. Assn., vol. xlvii., pp. 1722 and 1793, 1808. Also see Wright, Studies on Immunization,
1909.
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In his studies upon opsonins Wright has devised many delicate and clever tech-
nical procedures for collecting, measuring, standardizing, and mixing the various ele-
ments involved in the reactions, with which the worker in this field should make him-
self familiar.! Furthermore, much practice is required and many sources of possible
error must be learned before one can be certain that his results are to be relied upon.

Although we have considered separately the development in the body
of cytolytic, agglutinating, precipitating, and opsonic substances, it
should be remembered that these may be and often are formed together
in the same animal.

TABLE (AFTER ASCHOFF) SHOWING VARIOUS ForRMS OF ADAPTATION PRODUCTS,
WITH THEIR RELATIONSHIPS AND SYNONYMS.

A
Antitoxins, Complement:
Antiferments, Alexin,
Addiment,
The body-cells Hzmolysins, Cytase.
in adapta- Bacteriolysins— | Amboceptor:
tion to alien bacteriocidal sub- l F d of Immune hody,
substances | Cytolysins, stances. orme' o Intermediary
of protoplas- | (Cytotoxins), | Special Cytotoxins: b two N body,
mic origin Spermatoxin, substances. Substance Sen-
may elab- Nephrotoxin, sibilisatrice,
orate I Hepatotoxin, etc. | Fizateur,
Agglutinins, Praparator,
Precipitins, Copula,
Opsonins?—Fizateur? Desmon.
B
Anticytotoxins,
Cytotoxins, ] may lead to the for- ﬁ::;c?:[\)ptemf::’(nnti-
The “antibodies” { Agglutinins, f mation of ) imax'nun(; Er:)dies)
Precipitins, | ‘“anti-antibodies.’ Antiagglutinins,
Antiprecipitins.

LEUCOCYTE EXTRACT.

We have seen that the phagocytes, particularly the polymorpho-
nuclears are possessed of very subtle, and in the aggregate very powerful,
capacities for bacterial cell destruction both in their interior, and through
the substances which they may furnish to the body fluids.

It is apparent that, in the complex series of adaptations to one
another in infection of the body cells on the one hand and the micro-
organisms on the other, the balance must often be very nice in this
muster of opposing forces.

Hiss has proposed,® therefore, that the overtaxed or threatened phago-
cytes might be aided in an emergency if an extract of cells of their own

! For general technique of opsonic work see Welker, Jour. Med. Res., xix., p. 237, 1908.
2 Hiss, Jour. Med. Res., xiv., 3, 1908.
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kind in diffusible form such as might be secured by a sterile emulsion
of dead cells were introduced into the body.

He has prepared such extracts and they have been administered
both to men and to animals in divers infections with marked benefit in
a large proportion of cases. Cases of cerebrospinal meningitis, lobar
pneumonia, staphylococcus and streptococcus infection have been thus
treated and in experimental animals the infective processes induced by
the pyogenic bacteria, meningococcus, typhoid and dysentery bacilli, and
others has been markedly modified.

Preparation of Leucocyte Extracts.—The exudates containing a large proportion
of leucocytes are secured from rabbits by intrapleural injection of sterilized aleuronat
(see p. 195). After twenty-four hours the copious exudate is withdrawn, the cells
separated by the centrifuge. These cells are extracted with sterile distilled water
and after careful control as to the freedom from bacteria of the final emulsion, this
is introduced beneath the skin.!

DIVERSION OF COMPLEMENT.

It has been shown that the relative proportions of amboceptors and complements
present in bacteriolysis is not a matter of indifference.

Thus if one add increasing amounts of amboceptors, in the form of immune serum,
to fixed volumes of bacterial emulsion and complement, i.e., normal serum, it is found
that, on the addition of a small amount of amboceptor, 7.e., immune serum, complete
bacteriolysis may be secured. But if a greater amount of amboceptor be added than
is necessary to secure complete lysis, the latter may fail to occur.

From such experiments it has been assumed, probably incorrectly however, that
when in such mixtures amboceptors are present in considerable excess, while some
of the amboceptors combine with complement, other free amboceptors may unite
with the receptors of the bacterial cells more readily than the combination group of
complement-amboceptor will do, and in this way the union of complement-ambocep-
tor and cell receptor necessary for effective lysis is prevented. This has been called
diversion or deviation of the complement. The phenomenon is much more probably
due to the binding of the complement by other substances present in the mixture,
and not to a union of the cell receptors with the excess of amboceptor.

FIXATION OF COMPLEMENT.

We have seen when considering heemolysis (page 172), that when hemolytic serum
which contains amboceptors is heated to destroy its complement, the amboceptor, if
placed in contact with the species of red blood cells to which it has been adapted,
unites with them. Such blood cells are said to be “sensitized,” because if now a
small amount of complement in the form of fresh normal serum, “activating serum,”’
be added, hemolysis takes place.

Similarly when heated bacteriolytic amboceptor in the form of an immune serum
is added to its homologous bacteria—antigens—the latter are sensitized and are thus
capable of absorbing and using up complement if fresh normal serum be added.

This delicate hemolytic reaction several years ago was made the basis of an
ingenious method of testing for the presence of immune body by Bordet and Gengou.?
The Bordet-Gengou test has been characterized as the method of fization of comple-
ment for reasons which will be made clear through an example, as follows.

If one take bacteriolytic amboceptor in the form of, say, heated typhoid immune

1 For a study of bactericidal substances in leucocyte extracts, see Zinsser, Jour. Med. Res., xxii.,
397, 1910.
? Bordet and Gengou, Ann. de I'Inst. Pasteur, 1901.
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serum and add to this, first, an emulsion of typhoid bacilli and, second, complement in
the form of fresh normal serum, and allow these to stand for five hours, it is evident
from what we have seen above that the complement, if this has been added in proper
proportion, will have been all absorbed in the bacteriolytic reaction between itself,
the amboceptor, and the typhoid bacilli. So that if we now add sensitized red blood
cells, i.e., heated heemolytic serum and red blood cells, no hsemolysis will take place
because the complement necessary for this was previously absorbed, that is “ fixed,”
in the bacteriolytic reaction.

That this is actually the case may be shown by replacing in the above experiment
the heated typhoid immune serum by heated normal serum. In this case on the
addition of the sensitized red blood cells hemolysis occurs.

This method assumes that in the activating serum the heemolytic and bacteriolytic
complement are identical at least in their combining capacities.

This “fixation of complement’’ has been brought more recently into practical use
in testing for immune bodies in diagnosis (see Wassermann reaction), as well as in the
determination of bacterial species and in the differentiation of proteins.

ANAPHYLAXIS—HYPERSUSCEPTIBILITY.

These terms are applied to a condition of extreme susceptibility which
may be induced in the animal body by its adaptation to certain protein
substances such as blood serum, white of egg, bacterial and vegetable
proteins.

Attention was called to this condition of hypersusceptibility in
animals by Theobald Smith, and it was observed in man and discussed
under the name of “serum-sickness,” during the early days of serum
therapy.! It is exemplified in the tuberculin and mallein reactions.
But not until experimental studies were made on the subject did its
great significance become evident.

The action of horse serum upon guinca-pigs has been most carefully
followed.?

Briefly, it may be stated that the subcutancous, intraperitoneal or
intravenous injection of a large dose—say 5 c.c.—of an alien serum into
an animal, as is frequently done in the ordinary processes of immuniza-
tion, gives rise to no obvious, immediate effect upon the well being of
the animal, and may again and again be repeated with impunity. But
if, in the guinea-pig, the dose of 5 c.c. of horse serum be preceded ten or
twelve days by a very small dose, even so little as 1/100,000 of a c.c. of
the same horse serum, it will usually be found that the 5 c.c. dose will
kill the animal within a few moments or a few hours. Death seems to
occur as the result of a rapid intoxication. An animal in this vulnerable
condition is said to be hypersensitized, and the transfer of its serum to
another guinea-pig may induce in the latter a passive hypersensitiveness.

Visceral h@morrhages in the gastro-intestinal canal, lungs, spleen,
heart, ete., are found in animals which have succumbed from anaphy-
laxis. In cases of rapid death the lungs may be distended and do not

1 See Rosenau and Anderson, U. S. Hygien. Lab. Bull,, 29, 1906; also Wearer, Arch. Int. Med.,
iii., 485, 1909.

2 See Rosenau and Anderson, U. 8. Hygien. Lab. Bull., 29, 30, 36; and Jour. of Infec. Dis., vol. v.,
p- 65, 1905; also Sterling, Anderson and Rosenau, Jour. Med. Res., vol. xvi., p. 1, and Gay and Southard,
Ibid, p. 16, 1907.

For general summary with bibl., see Anderson and Rosenau, Harvey Lectures, 1908-9.
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collapse. Auer! and Lewis have shown that the rapid death which
occurs in highly sensitized guinea-pigs is due to asphyxia induced by a
tetanic contraction of the smooth muscles of the bronchioles.

Many hypotheses have been advanced in elucidation of these singular
and significant phenomena. ' .

The studies of Vaughan and Wheeler? seem to show that this remark-
able condition may be brought about through the peculiar way in which,
as Vaughan has shown in a long series of studies, bacterial and other
proteins may be broken up in the body.

These observers believe that there is in the animal body an enzyme,
limited in amount, which breaks up alien protein into toxic and non-
toxic components. Following the sensitizing injection, this molecular
resolution procceds slowly without obvious effects upon the organism.
But during this gradual adaptation to the alien protein, in the interval
between the sensitizing and the final injection, the protein splitting
enzyme has been formed in such considerable quantity, that on the
introduction of the sccond dose so much of the toxic component of the
protein is speedily set free, that death follows.®

But while the data concerning anaphylaxis are large and increasing,
it is doubtful whether any of the numerous current theories as to its
nature are adequate.

The Bearing of the New Studies on Serum Therapy.—We have seen in an earlier
section that the use of the blood serum of animals immunized against pathogenic
micro-organsims for protective purposes in man has been of practical value in but few
instances, and these mainly in cases in which the protective action was antitoxie.
Protective sera for pneumonia and typhoid, streptococcus septiceemia, plague, tuber-
culosis, cholera, and many other infectious diseases whose chief toxic incitors seem to
be endotoxins have been persistently tested and found to be for the most part of
doubtful value in man.

But in the light of the new knowledge of cytolytic sera, and the conditions under
which these may be effective, the promise of serum therapy, so long limited to anti-
toxic immunity, seems now to be more encouraging.

It is possible that the reason why the serum of an animal immunized against a
given pathogenic micro-organism is not protective is that neither this serum nor the
body fluids of the individual into whom it is injected for protective ends contain suffi-
cient or suitable complements.

We have seen in our review of heemolysis that hsemolytic serum heated to 56° C.
loses its lytic power owing to the destruction of the very labile complements. Wehave
seen, further, that this power is restored by the addition of a little fresh serum from a
normal animal; that is, serum containing complement. Now it has been found that
this ‘“‘reactivation’’ of the serum, as it is called, can often be brought about by the
sera of various animals. Thus, for example, the serum of the guinea-pig adapted to
the erythrocytes of the rabbit is lytic for these cells of the rabbit. If such serum be
heated to 56° C. it is no longer lytic, the activities of the complement are destroyed;
but the serum can be reactivated by a little fresh serum, not only from a normal rabbit,
but from the goat and the rat. The serum of many other animals, however, is ineffec-
tive under these conditions. The reason for this, of course, in accordance with
Ehrlich’s hypothesis, is that the complements of the reactivating sera have combining
capacity with the special amboceptors, and so can become effective, while in other

! Auer and Lewis, Journal of Exp. Med. xii., 151, 1910.

2 Vaughan and Wheeler, Jour. Infect. Dis., vol. iv., p. 476, 1907.

3 For a conception of the phenomena of anaphylaxis in terms of Ehrlich’s receptor hypothesis see
Lewis, Jour. Exp. Med., vol. x., p. 24, 1908.
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sera, the linking of the complement to the red cells through the amboceptors being
impossible, there can be no restoration of the lytic action.

It is not difficult to secure immune substances (amboceptors) by the adaptation of
animals to various kinds of pathogenic bacteria. These may be formed in such abun-
dance as to be out of proportion to the complements. But unless these immune sub-
stances, when injected into the body for protective purposes, either carry with them or
find in the new environment an abundance and appropriate forms of complements, they
are not wholly available in destroying bacteria. One of the great problems of the
immediate future, then, so far as serum therapy is concerned, seems to be to secure
suitable complements to act with immune substances if the former do not exist in the
human fluids, or to reinforce these substances from the sera of suitable animals if the
human stock be scanty. There is, however, much ground for believing that in order
to be most effective the complements with which we may seek to reinforce the potency
of bacteriolytic sera in man should come from species closely allied to him.

If the securing of an appropriate complement is thus of such importance in the
attempt to prepare bacteriolytic sera for therapeutic purposes, the maintenance of
sufficient complements in the human body must be of the utmost significance in its
intrinsic protective mechanism against infection. That this consideration is not
without support in fact is shown by the studies of Abbott, Longcope, and others,! who
have found that after the continuous administration of alcohol and in various chronic
as well as acute diseases, the amount of complement in the blood may be notably
reduced. We have thus a definite contribution to our knowledge of one of those fac-
tors in predisposition to infection which, in a general way, are so fully recognized, but
which are, for the most part, but ill-defined and little understood.

But the securing of effective bactericidal and bacteriolytic agents would not
in itself be a satisfactory solution of this urgent problem in serum therapy. One can
readily conceive that complete success in this respect might be an added source of
danger to the victim of infection. For in case of those bacteria whose harmful effects
in the body scem to arise largely through the setting free of endotoxins it is probable
that if these were not at once and properly combined or otherwise cared for the
wholesale destruction of the bacteria might prove a curse and not a blessing.

The Specific Character of Artificial Immunization.—It is not yet possi-
ble to say in many cases to what extent the immunization effected in any
of the various ways indicated above is specific. In some cases it appears
to be so. That is to say, the protection which is afforded, for example,
by an attack of diphtheria or by the gradually increased administration
of the diphtheria toxin, or by the use of the immunizing serum, is limited
to this particular disease, and is not to be sccured, at least in such
marked degree, by the use of other bacteria or bacterial products. In
some instances, on the other hand, immunization against one micro-
organism or its toxins, or against special toxie substances, affords pro-
tection against infection or intoxication by entirely different agents.
Thus animals may be immunized against anthrax by inoculation with
bacillus pyocyancus.

It should be borne in mind, however much importance we may attach
to the formation and action of the antitoxic substances, that these are
not necessarily always present either in natural or acquired immunity to
bacteria or their toxins. Tolerance to bacterial toxins may be estab-
lished, as may tolerance to other kinds of poisons, without the inter-
vention of antitoxic or other chemical agents.

The Complexity of the Processes Involved in Immunization.—It thus
appears that while we know a great deal about the ability of the living

For a study of this subject see Longcope, Jour. of Hygiene, vol. iii., 1903, p. 28.
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body to protect itself against the incursions of micro-organisms and the
ravages of their poisons; while a' field is opened for the study of arti-
ficial immunization which is of the highest promise, both for the advance-
ment of science and for practical benefit to the victims of infectious
disease; while illuminating and far-reaching hypotheses are current
which account for many of the complex phenomena, we are yet very far
from comprehending many of the details of the processes by which
immunization is secured.

We do not know why the cells of certain animals or why different
kinds of cells in the same animal are more susceptible than others to the
presence of particular poisons; why, for example, the rabbit is less sus-
ceptible than man to morphine; why strychnine should affect the nerves
while curare acts upon the muscles; why the common fowl should be
extremely insusceptible to the tetanus toxin so powerful in many other
animals. We are even ignorant as yet in most cases of either the chem-
ical or structural changes in cells by which the deleterious action of
poisons is effected. This is indeed not surprising when we reflect that
the processes which are involved are of the most subtle and complex
nature and that our knowledge of cell metabolism even under normal
conditions is most crude and fragmentary, consisting largely in rather
gross determinations of end-products and leaving out of the account
the numberless molecular transformations and combinations through
which the life processes of the cell are carried on.

The living body-cell is very nicely adapted to its normal environ-
ment; the living bacterium is almost equally sensitive to the conditions
under which its metabolism takes place. Thus it is that, when these
subtle organisms react upon cach other, we are wholly unable with our
present knowledge to follow the steps by which the more gross mani-
festations of disturbance which we call disease are reached.

But there seems to be abundant ground for the belief that the pro-
tective agencies which are evoked in both natural and artificial immuni-
zation are simply those which the body makes use of in its normal metab-
olism, exaggerated and diverted to different ends, it is true, in the face
of emergencies and the establishment of new cell environments, but
giving evidence of the birth of no new physiological capacities:!

Technique.
Agglutination Tests.

For Micro-orGaNIsM8.—The serum to be tested is mixed in the proportion of
1 e.c. to 9 c.c. with 0.8-per-cent. sodium-chloride solution, making a dilutionof 1 : 10,
and cleared from red corpuscles, if necessary, by filtration. From thissolution various

! The hypothesis of Ehrlich, which so closely correlates the action of toxins with the assimilation
of nutrient stuff, has led to new conceptions of the details of the relationship of foods transformed by
the preliminary digestive process to the material which is finally placed at the disposal of the cells. It
seems not unlikely that through the action of the cell receptors the food material which arrives in the
body fluids may not only be adapted to the specific uses of the cells, but that by the formation of count-
less varieties of substances analogous to the so-called *‘ antibodies’’ of immunization, the cells are pro-
tected against equally various toxic substances. If this be true, the hope seems justified that, follow-
ing the lines of research suggested by this new technique we may be able ultimately to understand
more clearly the details of the so-called internal secretion and those disturbances of chemical adjust-
ment which give rise to many important phases of auto-intoxication.

13
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dilutions are prepared in a diminishing series, 1 : 20,1 : 50, 1 : 100, etec. These solu-
tions may be put into slender test-tubes, and to each is added an approximately equal
quantity of a suspension in a 0.8-per-cent. NaCl solution of a twenty-four-hour-old
agar culture of the micro-organism to be tested.

To secure these suspensions add 5 to 10c.c. of the salt solution to the culture, dis-
tribute with a platinum needle, allow the larger lumps of culture to settle, and pipette
off the turbid supernatant portion. This suspension of the culture in 0.8-per-cent.
salt solution is now mixed with the diluted serum to obtain the requisite proportions,
Thus, 1 c.c. of the 1 : 10 serum mixed with 1 c.c. of the suspension gives a 1 : 20 dilu-
tion; 1 c.c. of the 1 : 10 serum with 2 c.c. of the suspension, a 1: 30 dilution. These
suspensions of the culture in the series of tubes of diluted serum are now kept for from
one to twenty-four hours at 37° C. The clumps of bacteria when agglutination has
taken place may be seen by a hand glass. The clumps oftentimes sink in the tube and
the fluid becomes clear. Microscopic study of agglutination is made by mixing the
diluted serum and the bacterial emulsion on a cover-glass which is then inverted ona
hollow glass slide and sealed with vaseline. For special and for diagnostic purposes
more exact methods are required, for which see works on bacteriology or on clinical
diagnosis.!

For Broop CrLis.—A demonstration of the agglutinability of red blood cells
may be made by adding to a 5-per-cent. dilution of defibrinated blood in 0.85-per-cent.
salt solution, a small quantity of an aqueous emulsion of ricin. The blood cells soon
clump and settle, leaving the fluid clear and colorless.

Precipitin Test.

While the precipitin or so-called biological test for human blood has been sug-
gested and used in medico-legal cases of importance, its limitations are not yet fully
determined and one should not enter upon its practical applications in cases of im-
portance without large experience of the method and the possibilities of error. ?

For demonstrative purposes, however, the technique is simple. A fragment of
blood clot to be tested as to its human origin is dissolved in a small quantity of 0.5
per-cent. salt solution and passed through filter paper to secure a clear fluid. To this
solution in a test-tube is added about twice the quantity of the serum of a rabbit or
guinea-pig which has been injected with successive doses of human serum. This
adaptive serum should have been tested with a known human serum to insure its
reliability. Control tubes should be made containing mixtures of the several ingredi-
ents used without the clot solution to be tested. The tubes are now all kept for one
hour at 37° C., when if the suspeeted elot is of human blood the tube which contains
it will show a precipitate while the controls will remain clear. The characteristic
precipitate should soon settle in the tubes, leaving the fluid clear.

Hemolysis Tests.

In comparative observations on hemolysis it is convenient to make a 5-per-cent.
dilution of defibrinated blood with salt solution 0.85-per-cent.  One may use narrow
test-tubes, 5 mm. in diameter, putting into a series of these 1 c.c. of the diluted blood,
adding to each the serum or other hemolytic agent to be tested, and filling up with
salt solution to, say, 2 or 2.5 c.c. The tubes are shaken and placed for an hour at 37°
C., then in an icebox. A control tube of the blood in simple isotonic salt solution
0.83-per-cent. should accompany each series.

Following the suggestion of Wright, tests for hemolysis may be made in capillary
tubes, each long tube containing several tests or dilutions by the intervention of a
bubble of air between each segment of the mixed test fluid and diluted blood.

- 1 Hiss and Zinsser, ‘* Text-book of Bacteriology, "1910, or Wood, *‘Chemical and Microscopical
Diagnosis,” 1909,
2 For technical and other details of the precipitin test, see Uhlenhuth and Weidanz, Praktische
Anleitung zur Ausfihrung des biologischen KEiweissdifferenzierungsverfahrens, 1909; Leers, Die
forensische Blutuntersuchung, 1910,
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To Secure Sterile Inflammatory Exudate Containing Leucocytes and other Living cells.

It has been found that the injection of wheat gluten into the pleural cavity of
rabbits or dogs induces an exudative inflammation, the exudate usually containing, at
the end of twenty-four hours, many living leucocytes. Leucocytes secured in this way
have been largely used in determining the chemical character of their cytoplasm, as
well as for experiments on phagocytosis. The most convenient preparation is the
so-called aleuronat, a mealy food preparation. A convenient method is to inject into
the pleural cavity 10 c.c. of a suspension of aleuronat in starch water (aleuronat 5
grammes; starch, 1.5 grammes; water, 100 c.c.). The exudate may be removed with
a capillary pipette if small quantities only are required, or the animal may be sacri-
ficed if larger quantities of the exudate are necessary.

Polymorphonuclear leucocytes may also be secured in considerable quantity by
the injection of 10 grammes of sterile bouillon into the peritoneum of the rabbit. The
exudate is removed at the end of twenty-four hours.

To secure an exudate containing a preponderance of mononuclear cells one may
injeet into the peritoneum of the rabbit a solution containing 1 mm. of pilocarpin, the
exudate to be removed at the end of twenty-four hours.

The Study of Heemophagocytosis.

If the serum of rabbits adapted by successive injections into the peritoneum to the
blood of guinea-pigs be injected into the peritoneal cavity of guinea-pigs, after a time
the peritoneal fluid as well as the spleen and other blood-forming organs are found to
contain various cells which have ingested the erythrocytes. The peritoneal fluid may
be secured for examination at various intervals by a capillary tube inserted into the
peritoneal cavity.

Hemophagoeytosis in vitro may be studied by procedures similar to those em-
ployed in the study of bacteriophagocytosis. (See opsonins, p. 186.) The serum of
an animal adapted to alien blood, if lytic, is deprived of this power by destroying the
heemolytic complement by heating for half an hour at 60° C. A small portion, say,
0.1 c.c. of this serum, is now mixed with an equal quantity of a 5-per-cent. suspension
of washed red blood cells in 0.85-per-cent. salt solution. To this is added a small
quantity of living leucocytes of man or of the guinea-pig or dog secured from citrated
blood or, in animals, from fresh aleuronat exudates (see above), and the mixtures kept
for an hour at 37° C. Smears are then made and stained with the Jenner or other
double stain.!

To Collect Small Samples of Serum for Agglutinative, Precipitin, or Haemolysis Tests

The suggestions of Wright are most helpful in the technique of serum collection
in small quantities. The finger is constricted by the handkerchief or a bandage, not
tightly enough to stop the blood flow, but enough to induce marked congestion; and
the puncture is made by a necedle or a fine-pointed glass. The drop of blood as it
exudes is drawn into a small capsule of the form shown in Fig. 111, held so that it will
act as a siphon. When partly filled, the ends are sealed, first the larger end, then as
the air here cools, the blood will be drawn back from the capillary end, when this is
closed. The tube is set slightly aslant for clotting, after which the scrum may be
secured in capillary pipettes by breaking off the larger end of the capsule after scratch-
ing it with a file.

The Method of Adaptation of Animals to Alien Substances.

The adaptation, or immunization, as it is called, of animals to various alien sub-
stances, sera, red blood cells, ete., in order to secure lytic agglutinating and precipitat-
ing substances, is readily accomplished. For general demonstration purposes the
rabbit is well suited. A simple and effective method is by intraperitoneal injection.

1 See Hektoen, Jour. Inf. Dis., vol. iii., p. 434, 1906, and also Jour. Amer. Med. Assoc., vol. xlvi., p.
1407, 1906.
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The lower left abdominal region is shaved and disinfected with lysol. The skin is
punctured with a scalpel and the slightly blunted needle of the syringe is introduced,
care being taken not to puncture the intestine. Five c.c. of whipped blood or serum,
warmed to body temperature, may be injected. On the withdrawal of the needle the
part is dried and the opening is sealed with tincture of benzoin. There is apparently
no discomfort to the animal in this procedure. The weight of the animal may fall
slightly after the injection, but unless this is considerable the dose may be repeated at
intervals of from five to seven days, until five or six injections have been given. The
dosage in the later periods may be increased, even doubled, if the animal is in good
condition. After the first three or four injections a small amount of serum may be
secured for testing by opening one of the ear veins after cleansing the part. The blood
may be drawn directly into a Wright capsule (see above), where it is allowed to clot,
and the serum secured. If the animal is to be sacrificed to obtain a large quantity
of the immune sera it may be bled into sterilized receptacles by a glass cannula tied
into the carotid artery.

The above is only a rough and general description of the method of securing adap-
tive sera for general purposes of demonstration. For exact wark one must carefully
select animals, regulate and control dosage, ete. For details and many interesting
data consult Nuttall, *“ Blood Immunity and Blood Relationship,” 1904.

Bibliography of Recent Studies on Immunity.

For an early admirable résumé of immunity, consult article by Weigert, Lubarsch
and Ostertag’s Ergebnisse” for 1897, p. 107; for a good later summary see ‘‘ Infec-
tion and Immunity ” by Miiller, 1904, also Rickett's ‘ Infection, Immunity, and Serum
Therapy,” 1906. Consult also Metchnikoff, ‘Immunity in Infectious Diseases,”
Transl., 1905, in which much lore is gathered and many ingenious points of view of the
author are set forth. Kolle and Wassermann’s “ Handbuch der Mikroorganismen”
contains excellent summaries of various phases of immunity; as does also in more com-
pact form the “ Experimentelle Bakteriologie” of Kolle and Hetsch, 1906.

The records of the recent researches just summarized in eytolysis and the applica-
tion of Ehrlich’s ‘side-chain” hypothesis are widely scattered through the German,
French, and English technical periodicals. The most important of the studies of
Ehrlich and his associates in this field are collected in the * Gesammelte Arbeiten zur
Immunititsforschung,”” Ehrlich, English Transl. by Bolduan, 1907, see also Bordet,
Studies in Immunity, translated by Gay, 1909.

The summary of Aschoff (‘ Ehrlich’s Seitenkettentheorie and ihre Anwendung auf
die kiinstliche Immunizierungsprozesse,”’ Zeitschrift fiir allgemeine ’hysiologie, Bd. i.,
Heft 3, 1902) is most complete and contains a full bibliography. The monograph of
v. Dungern (‘*‘ Die Antikorper,” 1903) contains much valuable material.

In English, the Huxley Lecture by Welch (*‘Recent Studics of Immunity,”
reprinted in the Medical News, October 18th, 1902: and in Science, November 21st and
28th, 1902), is admirable, and deals with especial fulness with toxins and their relation-
ship to various important pathological processes.

Ritchie’s discussion of the subject (The Journal of Hygiene, vol. ii., Nos. 2, 3, and
4, 1902) treats in a clear and philosophical fashion the facts and hypothesis involved,
and contains many valuable suggestions for further research. The excellent summary
of Ernst, *“Modern Theories of Bacterial Immunity,” 1903, contains original sugges-
tions for the graphic representation of the reactions.

See also Nuttall’s book, *Blood Immunity and Blood Relationship,” 1904;
Bolduan’s “Immune Sera,” 1907, and Hektoen’s “Résumé of Immunity,” 1905.

For study of Transmission of Immunity to offspring see Theobald Smith, Jour.
Med. Res. xvi., p. 359, 1907.

Hiss and Zinsser, ‘‘Text-book of Bacteriology,” 1910, contains an admirable sum-
mary of immunity and the immunizing processes framed from the standpoint of
modern biology. These authors also give compact and reliable directions for the
various tests, which are but briefly outlined in the preceding pages.




CHAPTER IX.
THE INFECTIOUS DISEASES.

General Considerations.

I~ the study of the infectious diseases it is especially important to
bear in mind that the abnormal processes through which the disturbances
incited by micro-organisms are manifested are processes of the body-cells
and not processes of the micro-organisms. The micro-organisms do,
indeed, incite the train of phenomena by which the discase is mani-
fested, and the nature or “species’’ of the micro-organism may largely
influence the character of the phenomena, but the stored-up energy
which is released in this manifestation is body-cell energy and not that
of microbic metabolism. 'The microbes are excitants of disease, but
the disease is a performance of the body-cells. If these obvious con-
siderations be held in view, it will be convenient, in considering certain
of the infectious diseases, to use the familiar and much abused term
“gpecific” as indicative of those phases of abnormal body-céll per-
formance which are apt to occur in characteristic ways in response to
special forms of microbic stimulus. Thus the poisonous substances
which the tubercle bacillus builds up out of the organic material upon
which it feeds are in part such as exert a peculiar influence upon con-
nective-tissue cells, leading to their proliferation and the temporary
formation of new tissue—the tubercle. This, together with associated
action of the same or other metabolic products of the living bacillus,
forms a group of lesions and disturbances which is characteristic of the
action of the tubercle bacillus in the body. In this sense tuberculosis
i8s a ‘“specific” disease. On the other hand, the poisons eliminated by
the tubercle bacillus may incite responses on the part of the body-cells
which are practically identical with those which many other toxic sub-
stances, both of bacterial and of other origin induce—fever, degeneration,
ete. These manifestations of the action of the tubercle bacillus upon the
living body-cells are not “specific.”

In our study of the individual infectious diseases we shall encounter
many examples of this variety in the effects which pathogenic bacteria
induce—the more characteristic, on the one hand, and, on the other, the
more general responses which the body-cells make to deleterious agents.

Classification of the Infectious Diseases.—It is common to group dis-
eases either from the clinical or the morphological or the etiological
standpoint. But a complete rational classification of disease is not at
present possible, because in very few diseases have we even an approxi-
mately complete knowledge of the symptoms, the excitants, or the
morphology of the lesions.

197
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In the infectious diseases as we now define them, the excitant is
definite and in many cases known, but a classification based upon the
character of the excitants alone would be, as Martius has urged, a classi-
fication of the micro-organisms and not a classification of the diseases.
If every micro-organism capable of exciting discase always met in the
body a similar response, the matter would be comparatively simple.
But the fact that the responses of the body-cells to bacterial invasion are
exceedingly varied, and that dissimilar organisms may evoke similar
responses, renders a simple etiological classification even of the infectious
diseases unsatisfactory, if not impracticable. Thus it is that it is con-
venient to consider the infectious diseases in part together, in part in
connection with the special organs in which their more common and
characteristic lesions are manifested. Such a classification of the in-
fectious diseases as is here made is based in part upon similarity of
lesions, in part upon the relationships of the micro-organisms concerned,
and may wisely be regarded only as a convenient form of catalogue.

Groups of Bacterial Disease-Excitants.—One of the interesting results
of the later studies of bacteria and their associations with the infec-
tious diseases is the discovery that many micro-organisms which have
been proved to be cxcitants of disease in men or in lower animals are
closely related to forms which are not pathogenic. So that we now
recognize many bacterial groups which we are wont to characterize
by the name of the pathogenic representative. Thus there are staphy-
lococcus and streptococcus groups of closely similar organisms, most
of them harmless to man. There is the colon-bacillus group, embrac-
ing many closely related forms difficult to identify. The tubercle-bacil-
lus group, the diphtheria-bacillus group, the actinomyces or strepto-
thrix group, are other examples of this relationship. The more these
related forms are studied, the more evident it becomes that in very
slight physiological variations may lie the difference between patho-
genic and non-pathogenic forms, and that equally slight variations in
the susceptibility of the host may be of corresponding significance.

In the arrangement and associations of the infectious diseases con-
sidered in this section, the existence of these bacterial groups will be
frequently recognized .

SUPPURATIVE AND ALLIED FORMS OF INFLAMMATION.

We have seen in an earlier part of this book that in various kinds of
injury in the living tissuc there may be a serics of responses on the
part of the body-cells which constitute or give rise to the phenomena and
lesions of inflammation. One of these forms of tissue response to in-
jury is called suppuration or suppurative inflammation.

We have seen that the characteristic feature of suppurative inflam-
mation is the collection at or near the scat of injury of leucocytes, mostly
of the polymorphonuclear type. These leucocytes, attracted through
chemotaxis, emigrate from the smaller vessels and gather in the tissues.
Here through their phagoeytic powers they may directly or indirectly. de-
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stroy living micro-organisms; by lytic substances which they claborate
they may soften and remove dead tissues (see p. 103); or they may
themselves succumb to the action of poisons or other local conditions
inimical to their life. While, to a limited extent, a suppurative inflam-
mation can be incited by chemical agents, such as ammonia, turpentine,
ete., in most cases it is incited and sustained by micro-organisms or by
poisons which these micro-organisms set free as the result of their own
metabolism or by the decomposition of substances in the tissues or the
tissue fluids.

Before considering in detail the characteristics of the various forms
of micro-organisms which may act as excitants of suppurative inflam-
mation, it is necessary for us to survey the various phases which this
process presents under different conditions.

Phases of Suppurative Inflammation.—In the first place while the
emigration, proliferation, and gathering of leucocytes are the most char-
acteristic features in this form of inflammation, these are always associ-
ated with the accumulation of more or less fluid transudate from the
blood-vessels and often with the formation of fibrin. These, the leu-
cocytes, the serum, and the fibrin, constitute the exrudate. Further-
more, associated with the accumulation of the exudate there may be
albuminous degeneration and necerosis of cells and tissue of the affected
part or of the formed elements of the exudate itself. Finally, a pro-
liferation of the fixed cclls of the affected region, connective-tissue
cells, endothelium, etc., frequently accompanies the exudative phases
of inflammation and may dominate the procee%es when regeneration
and repair are under way (see p. 73).

Although the processes involved are eqsentlally the same, it has been
found convenient to attach special names to various topographlc forms
of suppurative inflammation, the differences depending largely upon the
origin, situation, extent, and complications of the primary lesion, some-
what, however, upon the qualities, fixed or variable, of the infecting
micro-organism. Thus a suppurative inflammation involving the serous
surfaces and resulting in the accumulation of a purulent exudate in the
serous cavities, such as the pleural and the pericardial, is called em-
pyema. An exudative inflammation of the mucous membranes with a
marked emigration of leucocytes from the vessels of the submucosa is
called a purulent catarrh or blennorrhea.

Pustules are superficial collections of purulent exudate in the skin.

Furuncle.—A furuncle is an acute, circumscribed, suppurative, and
necrotic inflammation of the skin, the necrosis commonly involving a
central plug or core. Furuncles arc usually incited by Staphylococcus
pyogenes aureus, rarely by Streptococcus pyogenes. They are common
on the neck, back, buttocks, perincum, and axilla. Diabetes, marasmus,
and obscure nutritional disturbances, often associated with worry and
overwork, seem to predispose to this form of infection. The invasion
of the staphylococcus is usually through the sebaccous glands and hair
follicles. Furuncles may be experimentally induced by rubbing cul-
tures of staphylococcus over the intact skin.
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From the seat of infection the inflammation extends outward and
in depth to a varying extent. The tissue becomes hard from infiltra-
tion of the tissue interstices with fluid and leucocytes, by the swelling
of the stroma and connective-tissue cells (Fig. 112). The vessels are
congested and the central portions become more or less necrotic, with
gradual liquefaction of the tissue and the development of pus. Lym-
phangitis and hyperplasia of the associated lymph-nodes may accompany
furuncles. .

Carbuncle.—If the infection of several contiguous hair follicles,
either immediately or in rapid succession, takes place, so that several
centres of necrosis, with surrounding areas of exudative inflammation,
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Fic. 112.—SgecTiON OF A BoIL—FURUNCLE. SHOWING THE RED AND SWOLLEN AREA.

On the left the connective-tissue cells are swollen and proliferated and the lymph-spaces are dis-
tended with fluid. Nearer the centre of the boil the connective-tissue spaces are infiltrated with pus
and the fibrils of the stroma swollen.

merge, the resulting lesion is called carbuncle. The process is essentially
similar to that involved in furuncle, but usually more severe and ex-
tensive. Carbuncle is common on the neck, back, and face.

A diffuse infiltration of the subcutaneous or deep fibrous tissue,
muscle tendon, periosteum, or of the interstitial tissue of the viscers,
with exudate, is called phlegmon. If iff this phlegmonous inflammation
there be much serous fluid associated with the cell accumulation, as is
commonly the case in the earlier stages of the process, the condition is
often named purulent @dema. When, on the other hand, there is 8
more or less circumscribed collection of purulent exudate in the depth
of the tissucs or organs, associated with neccrosis and fluidification of
the tissues involved, it is customary to call the result of the process an
abscess.

In some cases of exudative inflammation, particularly those in-
volving the scrous surfaces, the exudates often occur together in the
most variable proportions; they are formed under the influence 9f
the same agents, and frequently an exudate at first simply serous 1B
character becomes fibrinous or purulent or both together.
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Pus and Pus Cells.—It will thus be seen that the exudate which is
formed in suppurative inflammation varies considerably in its composi-
tion and structure. Primarily, pus consists of an albuminous fluid
containing leucocytes, some mononuclears, most of them polymor-
phonuclears (Fig. 113). While the exu-
date is in the tissue and the conditions
are favorable, these cells may be alive
and without structural abnormalities.
But often, and especially in accumula-
tions, they present various phases of de-
generations—albuminous or fatty—or of
necrosis and disintegration. It is on ac-
count of their relative frequency and
abundance in purulent exudates that the ) R

16. 113.—Pvrs CELLS IN SUPPURATIVE
leucocytes are regarded par excellence as INFLAMMATION,
pus cells. But other cells, as we have  Some of the cells show the marks of
. . . necrosis and disintegration with frag-
seen, may be P"esem n pus; thus in in- mentation of the nuclei, ete.
flammation of the serous membranes, such
as the peritoneum, pleura, etc., the exfoliated and proliferated meso-
thelial cells may furnish no small part of the cellular content of the
exudate. Red blood cells, detached and young connective-tissue cells
formed from the old and capable of emigration, and endothelial cells
may be present in considerable mum-
ber. In inflammation of the mucous
membranes, also, the epithelial cells,
either new-formed or simply exfoliated,
may be abundant. Furthermore, pus
may contain a variety of chemical sub-
stances and formed elements depend-
ing upon the place of its formation or

it

.gsz,'" accumulation. Thus mucus, fibrin,

. cell and tissue detritus, fat, and micro-

s-:’.' ‘Y organisms may be intermingled with
R TN the pus cells.

Ulcers—in whatever way originat-

K P ‘ ing (see p. 58)—may be the seat of
o %‘ suppuration, the exudate passing off
b . upon the free surfaces.

Tt The bacteria which are found in the

various phases of suppurative inflam-

Fro. 114—SrarHriococcus Progengs  M8tion may lie free in the interstices of
Aumeus, 1N AND Amonc ThE Pus Ceus, the tissue with the exudate, or they
FROM AN Anscess oF THE KipxEr. may be in part within the cells which
have gathered about them (Fig. 114).

Both within and without the cells the bacteria may present those
structural alterations which denote their death and degeneration in
the struggle for existence to which the two forms of living beings, the
microbes and the body-cells, are subjected under the conditions which
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mark infection. The local and systemic reaction, on the other hand,
and the cell necrosis which so frequently follows the growth of microbes
in the body are expressions of an unfavorable environment to which the
body-cells as individuals and the body as a composite organism are sub-
jected, and to which they may successfully react or under unfavorable
conditions may succumb.!

In the softening of tissue involved in the development of abscesses,
as well as in the removal of exudates by absorption it is probable that
the solution of the formed elements of the tissues is accomplished by
the development of lytic—autolytic—substances (see p. 108).?

F1o. 115.—FocaL Necrosis 1N THE LiveEr IN PNEUMONIA.
Showing the local effect of a toxin circulating in the blood in toremia.

Toxsemia..—While the various forms of exudative inflammation are
more or less circumscribed, the soluble toxins which are formed at the
seat of local bacterial growth may, without the dispersion of the germs
themselves, be diffused through the blood and the other fluids of the
body, giving rise to the symptoms and lesions of toremia—fever (see
p. 440) and various other forms of functional disturbance, albuminous
degeneration of the viscera, focal necroses, petechial hemorrhages, hemo-
lysis,® thrombosis, leucocytosis, chromatolysis of the ganglion cells, etc.

Of these alterations in the body, which are of frequent occurrence in
many forms of toxemia, whether induced by bacterial or other kinds of

1 For an 'exhaustive review of suppurative inflammation from the modern standpoint, with bibli-
ography, consult Janowski, Ziegler's ** Beitriige zur path. Anatomie,” ete., Bd. xv., p. 128, 1894.

2 For a fuller reference to removal of exudates by autolysis see p. 106.

3 For a summary of facts relating to the hsemolytic power of various species of bacteria see Pribram,
foot-note, p. 206.
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poisons,! the only ones which demand special notice here are the focal
necroses. These usually small, often sharply circumscribed areas of
dead tissue’ may be present in any of the viscera, but are often most
abundant and conspicuous in the liver (Fig. 115). They vary con-
siderably in appearance, depending upon the stage of the tissue in-
volvement. The cells in the affected area may be swollen, the cyto-
plasm more transparent than normal, while the nuclei may remain
unstained with the usual dyes or show various phases of fragmentation
or disintegration; or they may disappear altogether. Again, the cells
in the involved areas may become more coarsely granular than is nor-
mal, may undergo a change similar to that seen in coagulation necrosis,
and with destruction of the nucleus may form deeply staining, irregular
clumps or masses, or may disintegrate.

Associated with or following these changes there may be a gathering
of leucocytes about and within these necrotic areas, so that the foci
may present the appearance of little abscesses or masses of lymphoid
tissue. Finally, these necrotic areas may undergo repair and be re-
placed by small, spheroidal, young connective-tissue cells, granulation
tissue, or finally by small masses of cicatricial tissue.?

Septicemia and Pysmia.—Bacteria as well as their toxins may be
distributed from a local portal of entry or an infected region throughout
the body, not only inciting general functional and structural changes,
but, when the bacteria lodge in various situations, giving rise by new
local proliferation to fresh foci of inflammation.

It is customary to designate a pathological condition in which
bacteria as well as their toxins are distributed through the body by the
blood- and lymph-channels, as septicemia.* When fresh suppurative
foci develop as the result of this distribution, the condition is called
pyemia. .

The terms septicemia and pyemia are survivals of a nomenclature
adapted to the period before the nature of the excitants of infectious
disease was definitely known. The manifestations of septicemia were
then attributed to the presence of putrid material in the blood. Pyemia
expressed the belief that the lesions characterizing this condition were
due to the presence of pus in the blood. The term bacteriemia is some-
times and more correctly used to indicate the presence of bacteria in the
blood, but the old words with their new implications and limitations are
still commonly employed.®

1 See for effects of abrin and ricin intoxication, Flexner, Journal of Exp. Med., vol. ii., p. 197,
1897; also Muller, Ziegler's ** Beitriige,”” Bd. xxvii., p. 331, 1900, bibl.

2 It seems probable that this marked localization of the action of a soluble poison in the tissue
fluids may be due to some local vulnerability or susceptibility induced, perhaps, by limited vascular
disturbance or by nutritional defects otherwise induced. In some instances local necrotic foci may be
due to agglutinative thrombi (see p. 26).

3 For a comprehensive study of focal necrosis and other associated lesions in certain forms of toxse-
mia consult the excellent study of Flerner, ‘* The Pathology of Toxalbumin Intoxication,” Johns
Hopkins Hospital Reports, vol. vi.,, p. 259, 1897, bibl.

4 The mere presence of a moderate or even of a large number of bacteria in the blood does not of
itself indicate septicemia, since the protective mechanism of the body suffices, under usual corlditions,
::)l; :?:‘dg;:?sal of such an invasion. See ref. to Subinfection, foot-note, p. 151, and to Schwarz, foot-

51t has long been known that persons who have received injuries or wounds may suffer from con-
stitutional symptoms, among the most marked of which may be fever, and develop local or disseminated
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The term pyemia, as will be seen, indicates a clinical and anatomical
phase of septicemia.

The new foci of suppuration in pyzmia are called metastatic ab-
scesses, and in distribution these may bear an obvious relationship to
the seat of the primary lesion. Thus, in suppurative processes in the
intestinal tract, metastatic abscesses are liable to occur in the liver.
From suppurations in the skin, bones, muscles, etc., infectious emboli
may be transmitted to the lungs and lead to infarction and abscess;
or, passing these organs, the germs may induce multiple abscesses in
the kidneys and in other viscera.

It should be remembered that the point of introduction into the
body of the offending germs may be wholly concealed and not associated

~

Fia. 116.—Micrococct IN Masses IN THE FiBriNous ExupaTion oF Pygmic PLEURISY.

with any form of demonstrable external lesion. This is often called
cryplo-genetic pyemia or septico-pyemia.

After death from septicemia and pyzmia there is a considerable
variety in the post-mortem appearances.

There are cases in which there are no recognizable gross lesions.

There are cases characterized by early post-mortem decompositions;
post-mortem staining of the tissues; congestion of the lungs, stomach,
intestines, and kidneys; extravasations of blood in the serous mem-
branes; swelling of the solitary and agminated lymph-nodules in the
small intestine; swelling of the spleen and albuminous degeneration of
the liver and kidneys; chromatolysis of the ganglion cells of the brain
and cord.

There may be localized inflammations. The joints and the tissue
about them, the pleura, the pericardium;the endocardium, the perito-
lesions. To designate the condition of these patients the terms pyemia, septicemia, septico-pyemia,

pyo-septicemia, ichoremia, inflammatory fever, surgical fever, traumatic fever, suppurative fever, puerperal
fever, and purulent infection have been used.
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neum, the pia mater, and the connective, tissue in different parts of
the body may be inflamed. These local inflammations are usually puru-
lent, except in the serous membranes, where the principal inflammatory
product may be fibrin (Fig. 116). The veins in the neighborhood of the
wound may contain gsoftened, purulent thrombi, without infarctions in
the viscera, while there may be inflammation of the joints and serous
membranes. On the other hand, with the venous thrombosis there may
be infarctions and abscesses in the viscera; local inflammations of the
joints and serous membranes may be present or absent. While thrombi
are often formed in the veins near the wound, they may be situated in
veins at a distance, and sometimes, although infarctions and abscesses
be present, no thrombus can be discovered. The veins may be distended
by the thrombi or contain only small coagula. The different kinds of
thrombi, and the varieties of emboli and infarctions which they produce,
are described in the section on Thrombosis, p. 24. Leucocytosis usually
accompanies pyzmia and septicemia as well as the suppurative process
with which they are associated. Studies of the blood in various forms
of septiczemia are numerous and instructive, but we cannot consider them
here.!

Various lines of research on minute changes in cells which bacterial
and other poisons may induce, justify the expectation that more and
more we shall be able to associate characteristic groups of symptoms in
toxemia and septicemia for which there is now no morphological basis,
with well-defined cell alterations. Among the most striking of the
toxic cell lesions thus far studied in septiczmia and bacterial toxzmia
are those involving the cytoplasm of the ganglion cells (see Nervous
System).

THE PYOGENIC BACTERIA.

While many species of microbes are capable under favorable condi-
tions of inciting suppuration and other forms of
exudative inflammation and may, when they or Sovees
their toxins are disseminated in the body, give rise og',gﬁ“{:
to toxsmia, septiceemia, and pyzmia, there are ey
two forms which, on account of their early dis-

. . Fi1e. 117.—STAPHYLO-
covery and their relative frequen®y, are commonly cqccus Prooenes
considered as par excellence ‘“pyogenic” bacteria. Auvrsus.

These, which are called Staphylococcus and Strepto- From » beef-tea culture.
coccus, we shall consider first.

s

CHARACTERS OF STAPHYLOCOCCUS PYOGENES.

The Staphylococcus pyogenes aureus (Micrococcus pyogenes aureus) (Fig. 117) is a
relatively small coccus, the individuals varying, however, considerably in size (0.4 to
1.2 x in diameter). In its growth it does not show a characteristic grouping, but
grows in irregular masses and heaps (the somewhat crude resemblance, when studied
under a cover-glass, to a bunch of grapes gave rise to the generic name); sometimes,

1 Consult White, Jour. of Exp. Med., vol. iv., p. 425, 1899: also Adami, Jour. of the Am. Med. Assn.,

Dec. 16th and 23d, 1899. Both have bibliography. See also Kolle and Wassermann, ‘* Mikroorganis-
men."”
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however, pairs and groups of four or short rows of the cocci are seen. The germ is
readily stained by the anilin dyes, and does not lose its color in Gram’s method of
staining. It does not show spontaneous movement, and, like other spheroidal forms,
does not appear to develop spores. It is quite tenacious of vitality, surviving long
drying and degrees of heat and cold and an exposure to chemical bactericides to which
many pathogenic germs readily succumb. It grows well at ordinary room tempera-
ture in such artificial culture media as nutrient-gelatin, agar, beef-tea, and milk, and
on potatoes, forming somewhat voluminous masses of culture. It rapidly fluidifies
gelatin through the formation of a ferment, it coagulates milk, and in the various
media develops a yellowish white or a deep golden yellow color, whence its specific
name, aureus, and its common name, ‘“‘golden coccus.” Its color-producing capacity
is subject to wide variation. Staphylococcus pyogenes aureus' forms in old cultures a
hemolytic substance which may be demonstrated in plate cultures mixed with red
blood cells (Fig. 121) or in tubes containing the washed corpuscles to which filtrates of
old bouillon cultures have been added.

Fia. 118. —INFECTIVE EMBOLUS OF STAPHYLOCOCCUS PYOGENES AUREUS IN THE KiDNEY.
RABBIT— EXPERIMENTAL.

Effects of Staphylococcus Pyogenes in the Body.—The virulence of
cultures of Staphylococcus pyogenes obtained from different sources
varies considerably, but, in general, suppuration is not readily induced
in the lower animals by its subcutancous injection. Liability to sup-
puration is greatly increased by mechanical or chemical injury to the
tissues with which the germ is brought in contact. Injection of a viru-
lent culture into the ear vein of the rabbit is usually followed by multi-

1 For a study of the bacterial heemolysins see Pribram, Kolle and Wassermann, ‘* Mikroorganismen"’
Argiinzungsheft, p. 291, 1908.
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ple abscesses in the kidneys and muscles, by suppuration of joints, etc.
(Fig. 118).

In man this coccus grows readily and rapidly, and may induce necro-
sis and exudative inflammation, especially the suppurative phases (Fig.
119). The lesions which it induces are apt to be circumscribed, but it
may induce septicemia and py®mia. It may induce pustules, boils,
and abscesses, and various suppurative inflammations of the visceral
and serous membranes, joints, bones, endocardium, etc. These effects
may be induced by the staphylococcus alone or by it in association
with other species of germs. It is frequenty lassociated with Strepto-
coccus pyogenes.

Fre. 119.—MassEes oF Micrococct IN A BLooD-VEsSEL OF THE KIDNEY, INDUCING A SMALL ABSCEsS,

From a case of pywmia. Around the dilated and partially necrotic blood-vessel in which the bacteria
lie is an area of necrotic tissue und a small-celled infiltration or zone or pus.

Staphylococcus pyogenes aureus incites these changes in the body
in virtue of certain toxins or toxalbumins which are produced as the
result of its metabolism, and which are either at once set free or stored
up in the body of the germs—endotoxins—until their release by dis-
integration after the death of the germs. The special power of the
staphylococcus to cause the gathering of leucocytes is apparently due
to the marked chemotaxic powers of some of the protein substances in
its protoplasm. In its growth in the body staphylococcus may lead to
the development of hemolytic, agglutinative, leucocidal, leucolytic, and
opsonic substances.

Portals of Entry.—It may enter the body through wounds, small or
large, of the skin or mucous membranes, through sweat and sebaccous
glands and hair follicles, and sometimes through uninjured surfaces.
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In many cases its mode of access is not evident.! While usually this germ
dies in the body, it may remain for a long time alive.

Sources.—It is widespread in inhabited regions, especially in towns,
being frequently found on the surface of the body, and in the saliva, par-
ticularly of those with acute or chronic catarrh of the upper air pas-
sages. As the result of the filthy habit of indiscriminate public spitting
and unguarded sneezing, it is common in the dust of hospitals, houses,
towns, public conveyances, and places of public assembly.? It is prob-
able, however, that the larger part of the acute staphylococcus infections
are incited by organisms derived directly or indirectly from others
already infected.

Susceptibility.—In man there may be a susceptibility to Staphy-
lococcus pyogenes associated with a general disease, diabetes for example.
On the other hand, local susceptibility in man is of frequent occurrence.
In the so-called furunculosis and in carbuncle, local areas of inflamma-
tion may develop and persist for long periods, fresh foci developing
as the older ones heal. In some instances this local vulnerability is
apparently associated with minor local injuries, such as the friction of
garments at the back of the neck or pressure and friction in the gluteal
regions. Sometimes, however, the local vulnerability appears to arise
from disturbances in the sebaceous and sweat glands and hair folli-
cles, leading to stagnation of secretions in which the bacteria long per-
sisting on the surface find lodgment and conditions favorable to their
development.

The studies of Wright have indicated that in cases of carbuncle and furunculosis
the opsonic index?® for the special strain of staphylococcus concerned may be low, and,
further, that the raising of this by the injection of emulsions of the dead bodies of these
organisms—vaceines of Wright—may lead to a rapid immunization of the individual,
marked by a rise in the opsonic index of his serum and the speedy decline of the local
inflammatory reaction.

Other Forms of Staphylococcus.

Not all the yellow staphylococei found in dust and on the person are pathogenic.
These may be indistinguishable from the infective forms by the usual culture methods.
They may, however, be differentiated not only by their innocuousness to animals,
but in their failure to develop in these either agglutinative or leucolytic substances.

Staphylococcus pyogenes albus.—This appears to be a variety of the Staphylo-
coccus pyogenes which does not develop the yellow color in cultures. It is of frequent
occurrence both in connection with the aureus and alone. Its action on the body is
similar, but it has seemed to many observers to be in general less virulent.

Staphylococcus epidermidis albus.—This coecus has been deseribed by Welch as of
frequent occurrence in the epidermis, and, although of rather feeble pyogenic power,
yet seems frequently to cause small stitch-abscesses and moderate suppuration along
drainage tubes. Welch regards it as possibly a variety of Staphylococcus pyogenes
albus.

Other forms of staphylococeus have been deseribed—S. salivarius pyogenes, S.
cereus albus and flavus—but they are apparently of little pathological significance.

1 For a résumé of the role of S. pyogenes aureus in the skin disease, with bibl., see White, Bost.
Med. and Surg. Jour., vol. exli., p. 235, 1899.

2 For bibliography of S. pyogenes nurcus consult article by Neisser and Lipstein in Kolle and
Wassermann's ' Handbuch der Mikroorganismen,” Bd. ii., p. 105.

3 See p. 187.
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CHARACTERS OF THE STREPTOCOCCUS PYOGENES.

The Streptococcus pyogenes (Micrococcus pyogenes) is distinguished morphologi-
cally from the cocei just deseribed by the marked tendency which the individuals
exhibit, when growing, to hang together in longer or shorter chains (Fig. 120). It is,
like the Staphylococcus pyogenes, immobile, and stains easily in the same way. By
a special method Hiss has demonstrated a capsule on streptococei.!

It grows readily, but more slowly than Staphylococcus pyogenes, on the ordinary
culture media. It does not fluidify gelatin, on which it grows as small, inconspicuous,
grayish white colonies. On the surface of agar plates kept in the thermostat at 37° C.
for twenty-four hours, the small grayish colonies
usually show, under the microscope, loops and
fringes of the chain-like cocci extending off from the
borders. The growth on potatoes is inconspicuous.

In nutrient broth it usually forms delicate, flocculent
masses, which cling to the sides of the tubes, leaving ¢
the fluid clear. Occasionally the masses of strepto-
cocci are dense and compact. Not infrequently
the growth is diffused through the nutrient broth,
rendering it turbid. When in vigorous growth it

coagulates milk and develops hemolytic substances Fia. 120.—STREPTOCOCCUS
in its growth.? PYoGENEs.
The hemolytic powers of growing streptococei From a broth culture.

may be shown by mingling red blood cells with the
nutrient medium on a Petri plate culture. TUnder these conditions around the grow-
ing colonies a clear, colorless area in the medium is formed, which indicates the
occurrence of heemolysis in the immediate vieinity of the colonies (see Fig. 121).
There is considerable difference in the tenacity with which, in broth cultures of
streptococci from different sources, the individual cocei cling together, so that in one
set of cultures the chains may be very long, in another short. It has been thought by
some observers that this difference is so constant as to justify special names for these
growth variants of the streptococcus, and they have been called, respectively, Strepto-
coccus longus and Streptococcus breris. The growth in small dense masses has given
rise to the name Streptococcus conglomeralus. It is doubtful whether these names
indicate more than rather inconstant growth varieties depending upon variations in
the culture media.

Effects of Streptococcus Pyogenes in the Body.—Streptococei which
give evidence of little virulence in animal inoculation are very common
in the mouths of healthy persons. The significance of these germs in
healthy mouths is not yet clear.

The results of animal inoculation with the Streptococcus pyogenes
are in general similar to those with the Staphylococcus pyogenes aureus.
The streptococcus is very frequently associated with the staphyloccocus
both in its distribution outside the body, in healthy persons, and in
disease. In general it may be said that the streptocoecus incites those
forms of suppuration and fibrino-purulent inflammation which tend to
spread both locally and through metastasis.

Streptococeus pyogenes has Leen found either alone or in association
with staphylococcus in a large number of suppurative and other in-
flammatory processes in various parts of the body; the condition in some
cases receiving special names, in others not. Thus, in boils and car-
buneles, in abscesses and phlegmons, in herpes, impetigo, and panaritium,

1 Hiss, Seience, March 7th, 1902, p. 367; Jour. Exper. Med., 1901-05, vi., 317.
? For hemolysis of streptococcus see Schlesinger, Zeit. f. Hyg. u. Infkr., Bd. xliv., 1903, p. 428.

14
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in phlebitis and lymphangitis, in erysipelas, in suppurative inflamma-
tion of various mucous and serous membranes, especially of the throat
and the gastro-intestinal canal, and of the bones and joints, in some
forms of bronchitis and pneumonia, in puerperal and other forms of
septiczmia, in the pustules of smallpox, one or other or both of these
germs are frequently concerned.!

One of the most important features of the relationship of Streptococ-
cus pyogenes to man is the frequency with which it enters as a concur-

F1a. 121.—HzaZMoLYSI8 BY STREPTOCOCCUS PYOGENES.

The streptococcus was cultivated in a culture medium—gelatin—with which red blood cells were
mixed. Around each colony the color has left the red blood cells and is diffused through the plate.

rent pathogenic agent in already established infectious diseases due to
other forms of micro-organisms. Thus, some of the most serious com-
plications to which the victims of scarlatina, diphtheria, typhoid fever,
and pulmonary tuberculosis are liable are due to the action of the strep-
tococcus in the body rendered unusually vulnerable by the existence of
another form of infection.

The serum of individuals adapted (immunized) to streptococci may
agglutinate the homologous micro-organisms.’

Streptococci, which upon their isolation from the body in suppurative
or other infectious processes are very virulent, usually, and sometimes

1 Anaérobic streptococci have been found by various observers in abscesses and other forms of
suppuration of which they are apparently the excitants.

2 For a study of agglutination of streptococci see Mozer and v. Pirquet, Centrbl. f. Bak., Abth. L.,
Bd. xxxiv., 1903, pp. 560 and 714; also Neufeld, Zeitsch. f. Hyg. u. Infkr., Bd. xliv., 1903, p. 161; also,
Weaver, Jour. of Inf. Dis,, vol. i., 1904, p. 91.
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very quickly, partially or wholly lose this virulence under artificial
cultivation. On the other hand, cultures of streptococci which have
largely lost virulence under artificial cultivation, or whose initial viru-
lence was slight, may experience a great exaltation of virulence by a
long succession of inoculations from animal to animal.?

In streptococcus infections hzmolytic, agglutinating, and opsonic
substances may be formed in the body.

Artificlal Immunity.—The metabolic products formed by virulent
streptococci growing in nutrient broth have been found to induce in an-
imals the symptoms of toxemia. The results of preliminary experiments
on immunization with these toxic products, and the dead and living
bodies of the germs and the use of the blood serum of the immune
animal for therapeutic purposes, are complex, and along the present
lines of work apparently not very promising. But though the antitoxic
value of the so-called streptococcus antitoxin has not been definitely
established bactericidal opsonic powers have been demonstrated.

It has been found that normal human serum has no, or but slight,
streptococcidal power. The studies of Ruediger? show that in rabbits
and guinea-pigs the destruction of streptococci is effected, largely at
least, by phagocytes. In man also, in whom recovery from the invasion
of the tissues as well as the blood is of frequent occurrence, Ruediger?
has shown that phagocytes play an important role, and that opsonins
which are increased during the course of a streptococcus infection—
erysipelas—act upon the bacteria before phagocytosis takes place.

There are several non-pathogenic forms of streptococci.

ERYSIPELAS.

Erysipelas is a diffuse inflammation of the skin and subcutaneous
tissue which tends to spread, and is characterized locally by swelling of
the tissue and a bright red color of the integument. It is usually accom-
panied by constitutional disturbances, the most marked of which is
fever. The morphological changes at the seat of lesion, as we see them
after death, vary considerably in different cases and in different stages
of the disease. The redness of the skin usually disappears after death.
But the tissues may be swollen by the accumulation of serous fluid.
This fluid may be nearly transparent, or turbid from admixture with
pus cells (Fig. 122). Pus cells may infiltrate the tissues either sparsely
or in dense masses. Fibrin may be present, abscesses may form. Some-
times vesicles or scabs are found on the surface, or the affected region
may become gangrenous. Aside from the local lesions, there may be
toxemia marked by petechie in the serous membranes, swelling of the
spleen, focal necroses, and albuminous degeneration in the kidneys and
liver.

1 For bibliography of streptococcus consult the article by v. Lingelsheim, in Kolle and Waaser-
mann's ‘* Handbuch der Mikroorganismen,” Bd. iii., p. 303; for a study of the action of streptococcus
toxin on various parts of the body see Homén and others, Ziegler's ‘* Beitriige,”’ Bd. xxv., 1899.

? Ruediger, Jour. Amer. Med. Assn., vol. xliv., p. 198, 1905.
3 Ruediger, Jour. Inf. Dis., vol. iii., p. 156, 1908.
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The most common excitant of erysipelas is Streptococcus pyogenes.!
This organism may be present in large numbers in the lymph-vessels,
especially in the borders of the inflamed region. The reasons for the
clinical peculiarities of this phase of inflammation are not yet very clear.

INFECTIOUS PSEUDO-MEMBRANOUS INFLAMMATION OF MUCOUS MEM-
BRANES. (Pseudo-Diphtheria; Diphtheroid Angina; Membranous Angina.)

Under a variety of conditions, as during scarlatina and measles,
whooping-cough, typhoid fever, etc., or entirely apart from any compli-
cating disorder, an acute exudative inflammation of the mucous mem-

Fig. 122,—ERYSIPELAS OF THE SKIN.
Showing streptococei in the lymph-spaces.

branes, especially of the upper air passages, occurs, which is associated
with and is apparently induced by the growth of Streptococcus pyog-
enes.? There may be much or little fibrinous exudate; there may in
early stages, or even throughout, be none at all.  The pellicle when formed
may be loose or adherent, sharply circumseribed or tending to spread.
The submucous tissue may show little change, or may ke congested and
wedematous, or may be the seat of suppurative inflammation (see Fig. 123),
necrosis, or gangrene. The process may be confined to the tonsils.
While under these varying conditions the inflammatory process is usually
a local one and runs its course with or without the symptoms of septicew-
mia, occasionally the streptococcus which enters the blood may induce
the lesions of pyzmia, On the other hand, it may by aspiration gain
access to the lungs and induce varying phases of complicating broncho-
pneumonia. The Staphylococcus pyogenes is not infrequently associated
with the streptococcus in these lesions, but is not apparently of primary
significance.

Simulating very closely, as it does in many cases, both the local and

1 In the early days of modern bacteriology the **chain’’ coccus which was discovered in the exu-
date of erysipelas was thought to bear a peculiar relationship to this clinieal form of phlegmonous inflam-
mation and was called by Fehleisen Streptococeus erysipelatis, but it has now been definitely identified

with the S. pyogenes.
2. Prudden, Med. Record, 1891; Baginsky, D. Med. Zeits., 1000.
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general phenomena of diphtheria, this disorder has formerly been con-
founded with it, and has only recently been recognized as a distinct
phase of disease. It is now most frequently called pseudo-diphtheria.
It seems in part to cover the condition formerly known as croup, in part
those cases formerly thought to be mild diphtheria. In many phases of
acute angina, and in many cases of follicular tonsillitis, streptococci

Fi16. 123.—PsEUDO-MEMBRANOUS INFLAMMATION OF TRACHEA.

In this case there is purulent infiltration of the mucosa and submucosa, and of portions of the
mucous glands. a, False membrane: b, portion of intact epithelium; ¢, infiltration of the mucosa with
fibrin; d, portion of mucous gland infiltrated with pus.

have been found in large numbers. Other bacteria, either alone or in
association with the pyogenic cocci, may be excitants of pseudo-mem-
branous as well as simple angina.

OTHER BACTERIA WHICH ARE FREQUENT EXCITANTS OF SUPPURATION.

While the Staphylococcus pyogenes and Streptococcus pyogenes are
the most common excitants of local suppuration with and without
toxemia and septiceemia, such conditions, as we have seen, are not in-
frequently due to other micro-organisms. Among these we may men-
tion here as the more common and important:—Diplococcus pneumonie,
the gonococcus, Micrococcus tetragenus, Bacillus pyorvaneus, the colon
and the typhoid bacillus, the bacillus of glanders, the tubercle bacillus,
the pneumo-bacillus of Freidlinder, the diplococcus of cerebrospinal
meningitis, Bacillus pyogenes feetidus, and Actinomyces with its related
forms,

In some of these organisms the pvogenic qualities in their relation-
ships to human infections are most conspicuous; in others, the reaction
of the body to their presence is such as to justify a special name. The
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latter is particularly noteworthy in the case of the pneumococcus, the
gonococcus, glanders, typhoid, and tubercle bacilli, diplococcus menin-
gitidis, and actinomyeces.

Many other micro-organisms may be excitants of suppurative inflam-
mation in man as well as in the lower animals under experimental
conditions, but this exceptional reaction of living tissues does not fall
within the scope of this work, which deals primarily with such tissue
reactions as may occur under the usual conditions of life.

Tue BaciLLus CoLi CoMMuUNIs AND THE CoLoN GROUP.

The Bacillus coli communis is an organism so commonly present in the
intestines under normal conditions as to be usually called the ““colon
bacillus.” It is motile, facultative, agrobic, asporogenous, considerably
resembling in general form the typhoid bacillus (see p. 235). It grows
readily in artificial cultures and does not fluidify gelatin. It has been
repeatedly found under such conditions in connection with suppurative
processes as to justify the belief that it is often their excitant.

It has been found in various forms of peritoneal suppuration, both
with and without such lesions of the intestine as would obviously permit
of its egress; in appendicitis; in suppuration about the gall-ducts; in
hemorrhagic pancreatitis; in inflammatory processes in the genito-
urinary apparatus; frequently in the bladder, in the pericardium and
pleura, and it is believed to be concerned in certain types of diarrhcea.
It is often concerned in terminal infections.

Local infection with this organism is often associated with serious
toxamia and septicemia. Intravascular injections of virulent cultures
in rabbits are usually followed by symptoms and lesions of septiczemia.
Introduced subcutaneously and intraperitoneally, it may excite local
suppuration or sero-fibrinous inflammation, often hemorrhagic in char-
acter, terminating fatally.!

It is not possible to indicate very definitely all the conditions under
which the colon bacillus, an ordinarily harmless intestinal saprophyte,
may gain access to the tissues and become actively pathogenic. Whether
it is special strains of the bacillus coming in from without which are
pathogenic, or whether the ordinary forms assume virulent capacities
under unknown conditions, we cannot tell to-day. It appears in any
event that very slight damage to the mucous membrane of the intes-
tinal tract which may permit the exit of the germs, or the existence of
damaged tissues elsewhere in the body—in the kidney, ureter, perito-
neum, etc., for example—favor infection with this organism. To what
extent a reduction in efficiency of the protective fluids of the body
may determine infection we cannot say with certainty. Shortly after
death the colon bacillus may pass from the intestine into the tissues.
The possibility of this post-mortem invasion should be borne in mind

1 For details concerning B. coli, with bibliography, see Lartigau, ** Studies from the Dept. of Path.,
Col. of Phys. and Surg., Columbia Univ., vol. viii., 1902; also Escherich and Pfaundler in Kolle and
Wassermann'’s ‘* Handbuch der Mikroorganismen,” Bd. ii., p. 334.
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in cultures from the dead body, since it may readily and doubtless
often has given rise to errors in diagnosis.

The Colon Group.—There are so many organisms so closely resembling
the colon bacillus in their morphological and biological characters
that it has been found convenient to consider them as possible variations
of one form and to speak of them collectively as the ‘“colon group.”
The differentiation between the individual members of this group and
between these and the typhoid bacillus has presented many difficulties
to bacteriologists and given rise to much technical finesse. It is now
possible to differentiate between members of the colon group and the
typhoid bacillus and to separate them in cultures (see ref. to Hiss, p. 246.)

THE BaciLLus PYOCYANEUS.

This has been known for several years as an organism occasionally
found in pus to which in its growth it imparted a greenish color. Char-
rin in 1889 established the significance of the organism as an excitant
of suppurative inflammation and various manifestations of septicemia
to which he gave the name “ Maladie pyocyanique.” Since this time
many cases have been reported in which the Bacillus pyocyaneus, either
alone or in association with other organisms, has been found; for ex-
ample, in purulent otitis media, angina, endocarditis and pericarditis,
suppurative inflammation of the urinary tract, meningitis, broncho-
pneumonia, gastro-intestinal disturbances in infants and adults, and
in lesions of the skin as well as in systemic infections arising from pri-
mary local suppurative inflammation. The green color is not always
present in the lesions, being first developed in the cultures or in experi-
mental animals.

The occurrence of the organism is on the whole infrequent. It was
found by Jadowski twice in systematic cultures of the exudate from two
hundred cases of suppurating wounds. Barker found it in eleven out
of eight hundred cases in which systematic cultures from autopsies were
made. It was found in three out of one hundred cases examined by
Lartigau. Among the more marked lesions which may be present in
cases of pyocyaneous infection, we may mention albuminous degeneration
in the viscera, focal necroses, heemorrhages, local hyperplasie (Oertel’s
lesion) in the lymph-nodes and -nodules throughout the body, and espe-
cially superficial, circumscribed or diffuse necrosis and ulceration in the
intestinal mucous membrane.!

Characters of the Organism.

This organism is a slender bacillus, sometimes grows in short chains, is motile,
and decolorizes by Gram’s method. It grows readily on artificial media, usually
developing a greenish pigment. It liquefies gelatin. Subcutaneous injection of cul-
tures in rabbits may be followed by local suppuration, by hemorrhagic cedema, and
by septiceemia.

1For a critical summary of the cases, with original studies and bibliography, consult Lartigau,
Phila. Med. Jour., Sept. 17th, 1898; also Jour. of Exp. Med., vol. iii., p. 595, 1898,
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BaciLLus Mvucosts Capsvrares (Friedlinder Bacillus).

In a small proportion of cases of lobar and lobular pneumonia, and
in a few cases of exudative inflammation of the pleura, pericardium,
meninges, nose, throat, and middle ear, this short encapsulated bacillus
has been found. It is sometimes found alone, but in pneumonia is often
associated either with the pneumococcus or with the pyogenic cocei. It
has been found in the nasal secretion and mouths of healthy persons.
While belonging definitely among the bacilli, it so frequently occurs in
the form of very short rods or ovals or short chains that it was formerly
thought to belong among the cocei. It is readily cultivated on artificial
media and is slightly pathogenic for certain animals.

It seems highly probable, rather than proven, that it may be at least
partially responsible for the lesions with which it is infrequently asso-
ciated in man. This germ was formerly believed to be of great impor-
tance in connection with acute lobar pneumonia, and for a time was
generally spoken of as the pneumococcus of Friedlinder. It is now
known not to be a coccus, and is certainly of subordinate, though occasion-
ally serious, importance in inducing inflammation of the lungs.!

Micrococcus TETRAGENTS.

This organism has been many times found about the mouth and
respiratory tract, especially in connection with suppurative processes,
tuberculous cavities, ete. It has been found also in metastatic abscesses.
While not very virulent it is apparently an occasional excitant, either
alone or with other organisms, of suppuration.?

Characters of the Organism.

It is a coccus about 1 # in diameter, usually occurring in groups of four. These
tetrad groups may be encapsulated. It stains by Gram’s method, and is readily
cultivated on artificial media. It forms a dense whitish growth on gelatin, which it
does not fluidify. Septiczemic lesions with local suppuration may be induced in guinea-
pigs by subcutaneous injection with cultures.

Tue ProrEUs GrotUP OF BACILLI.

This is a large and in the economy of nature an important group of
bacilli much concerned with the putrefactive processes.

Characters of the Group.

The bacilli of this group may be aérobes or facultative anaérobes. They are of
medium size, asporogenous, and while staining readily with ordinary dyes are apt to
be dezolorized by the Gram method. While the organisms of this group are baeilli,
they often present considerable variation in form as they grow, sometimes being very

! Howard, Philadelphin Medical Journal, vol. i., p. 336, 1898: Stuhlern, Cbl. {. Bak., Abt. 1., Orig.
Bd. xxxvi., p. 493, 1904; Perkins, Jour. Infee. Dis., vol. i., p. 241, 1904,

2 For résumé of the significance of M. tetragenus and for bibliography consult Lartigau, Phila.
Med. Jour., Apr. 22d, 1899.
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short so as to resemble cocei, sometimes forming threads which may be so bent as to
suggest spirals. Their growth on solid media is especially characterized by the ten-
dency to send runners from the central growth out into the surrounding media, thus
establishing secondary growth centres. They are particularly sensitive to environ-
ment, so that physiological as well as morphological variations are frequent. It is for
these reasons that the name Proteus has been given to the group and to various
species. The limitations of the named species are, however, in many cases quite ill
defined.

One of the most common forms has been called Proteus vulgaris.
While this bacillus is very widespread, it is only occasionally the exci-
tant of pathological processes in man, and then almost always in concur-
rence with other organisms, usually the pyogenic cocci. Under these
conditions a suppurative inflammation with foul exudate is apt to de-
velop. Thus it has been found in purulent peritonitis and endometritis,
in pleurisy and in phlegmonous inflammation in various parts of the
body. Although this bacillus is not apt to grow in the human body,
except in association with other micro-organisms which may damage
the tissues or in tissues already vulnerable from injury, it may in the
bladder independently incite an exudative inflammation. In animals,
subcutaneous injection of the pure culture in considerable quantity
may lead to abscess, while the soluble products of broth culture may
induce toximia.

Several other forms of Proteus, as well as closely related species,
have been found in human lesions for the most part suppurative and
necrotic in character, and these, in some cases, have been conclusively
shown to be the excitants of the pathological processes, but the scope
of this work does not permit further details.

OTHER PYOGENIC BACTERIA.

Among the other bacteria which commonly induce local suppuration,
with or without toxwmia and septiceemia, some are of frequent occur-
rence as excitants of such well-marked and more or less characteristic
forms of disease as have long been recognized clinically and have re-
ceived special names, such as pneumonia, gonorrheea, cerebro-spinal menin-
gitis, etc. The tubercle bacillus may also induce suppurative inflam-
mation. These will be in part considered in the scction dealing with
the organs in which their more characteristic lesions are manifested.

ACUTE LOBAR PNEUMONIA AND OTHER INFECTIOUS DISEASES INDUCED BY
THE DIPLOCOCCUS PNEUMONIZE (Pneumococcus Lanceolatus).

Diplococcus pneumoniz is sometimes spoken of as the ‘pneumo-
coccus of Friinkel,” because its significance and life history in connection
with acute lobar pneumonia were first demonstrated by him.' It is
commonly called simply the ‘pneumococcus.”

11t was discovered by Sternberg in saliva, and its pathogenic power demonstrated some years be-
fore its full significance in connection with pneumonia was understood.
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Characters of the Diplococcus Pneumoniee.

During their development these germs are distinctly spheroidal; but in their ma-
ture condition they are apt to become slightly elongated or oval and are often a little
broader at one end than at the other, assuming a lanceolate form. They are very
apt to occur in pairs, and frequently are seen in short chains, rarely in long chains.
Very frequently, when growing in the living animals, the pneumococcus is surrounded
by a distinet, homogeneous capsule of varying thickness (see Fig. 124). Except in
certain media capsule development is not readily seen in artificial cultures. The
coccus itself is readily stained by the anilin dyes and retains the stain by Gram's
method; the capsule is not easily demonstrated except by special staining
methods.!

The pneumococcus has no spontaneous movement and grows but feebly at ordi-
nary room temperature. It grows much better at blood heat, forming on the surface

of blood-serum or on very slightly alkaline glycerin-agar
plates faint grayish, dewdrop like, inconspicuous colonies,
somewhat similar to those of Streptococcus pyogenes, but
G 1 usually more delicate. In beef-tea it forms at body tempera-
ture a delicate shimmering turbidity and a faint whitish
sediment. As a rule, the cultures are prone to lose soon
their virulence and to die off early, but the virulence may
’ be maintained by successive inoculations in the rabbit.
(‘ The pneumococcus may remain viable and virulent for
many days when dried in sputum but in the form of small
particles such as are distributed in coughing and sneezing it
Fia. 124.—DirLococcus  remains alive, as Wood? has shown, for from one to one and
i’)‘:&:""“"l’"“’“o‘ a half hours. In direct sun-light it may die in a few
Showing the stained cap- moments. .
sules, The serum of persons suffering from acute lobar pneu-
monia, as well as the serum of lower animals artificially
immunized to the Diplococcus pneumonie, induces agglu- .
tination of the organism in broth cultures. Wadsworth has shown that by the use
of centrifugated cultures of the organism, the reaction of agglutination can be ob-
tained in much greater dilution than by the usual method.® Precipitins are also
found in immune sera.

Cultures which have been reduced in virulence, so as not to cause early death by
septicemia, may, when introduced into the trachea of rabbits, induce circumseribed
pneumonic lesions, especially if these animals are made vulnerable by cold or by other
agencies which impair the integrity of the blood or other tissues. Wadsworth has
shown that by partially immunizing rabbits to the pneumococeus, so that they do not
speedily die from septiceemia, and then introducing the virulent organism into the
lungs through the trachea, diffuse pneumonic lessons comparable to the lobar pneu-
monias of man may be induced.* Lesions of lobar pneumonia are readily induced in
the dog by intratracheal injections of the pneumococcus. Different animal species
vary in vulnerability to the pneumococcus.

This germ is the exclusive incitant of typical lobar pneumonisa in
man, and in a large proportion, if not in all, cases it is present in the
blood.® It induces locally in the lungs an acute cxudative inflammation
associated with an enormous and rapid multiplication of the germ and a
toxemia due to the distribution of soluble toxic products through the
blood.

1 See Wadsworth, Jour. Inf. Dis., vol. iii., p. 610, 1906.

t Wood, Jour. Exp. Med., vii., 592, 1905.

3 For details of this method see Wadsworth, Jour. Med. Research, vol. x., p. 228, 1903.

4 See references to experimental pneumonia, p. 614.
8 Sec Rosenow, Jour. Inf. Dis., vol. i., p. 280, 1904.
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For a more detailed description of these lesions of pneumonia, and an
account of other bacteria which may be present, see page 603.

In addition to its more common effect in inducing lobar pneumonia,
the pneumococcus is frequently the excitant of exudative inflammation
in other parts of the body, either in connection with or without a primary
lobar pneumonia. Thus it has been repeatedly found in pleuritis,
otitis, meningitis, empyema, pericarditis, endocarditis, and in perit-
onitis. It has been found in abscesses of the viscera and in exudative
inflammation of the joints. It may induce pseudomembranous inflam-
mation of the mucous membranes.! Leucocytosis usually accompanies
infection with the pneumococcus.

Sources of Pneumococcus.—The pneumococcus has been found in
the mouths of a large proportion of healthy persons examined. The
forms present in the mouths of healthy persons are apparently usually
less virulent than the strains concerned in the incitement of pneumonia.?
It is thrown off in the sputum in lobar pneumonia, and no doubt from
this source to a certain extent in the dried condition, as dust, but more
often in the droplets of sputum ejected in the coughing of pneumonics
or in the fine spray formed in sneezing,® furnishes the infectious agent
which in favoring conditions of the body lights up the inflammatory
process in the lungs.*

Toxic Products of the Pneumococcus.—Although clinically pneumonia
bears many marks of toxemia, investigators have not thus far succeeded
in finding evidence that, either in artificial cultures or in the infected body,
very potent soluble toxins are given off through the metabolic activities
of the pneumococcus. There is evidence, on the other hand,® that the
toxic effects may be induced by endotoxins which are set free when in the
course of the disease the organisms die and suffer lysis.

The Crisis in Pneumonia.—The dramatic character of the crisis in
many cases of pneumonia has led to much conjecture as to the changes
in the body fluids or the bacteria which may occur at this time. There
appears to be no marked development of bactericidal power of the serum
alone; antitoxic substances are not demonstrable. It has been con-
jectured that the new lore of the opsonins might throw light upon the
réle of phagoeytes. But in spite of much research no very decisive
data have as yet been elicited.®

Rosenow’ has shown that neither normal nor pneumonic sera are
pneumococcidal; that while non-virulent pneumococci are susceptible

1 See Cary and Lyon, Trans. Assn. Amer. Phys., vol. xvi., p. 379, 1901, bibl.

2 For a consideration of the pneumococcus of the mouth in healthy persons, and for a study of
varieties or strains of pneumococci, see studies carried on under the auspices of the Medical Commission
for the Investigation of Acute Respiratory Diseases of the Department of Health of the City of New
York, by Park and Williams: Collins: Longcope and Fozx: Norris and Pappenheimer: Duval and Leuis:
Buerger: Hiss: and Longcope: Jour. Exp. Med., vol. vii., pp. 401-626, 1903; also Eyre and Leathem, Jour.
of Path., vol. ii., p. 246, 1908.

3 See Wood, Jour. Exp. Med., vol. vii., p. 592, 1905.

4 For study of communicability see ref. Edsall and Ghriskey, p. 606. For a study of disinfection of
the mouth and of sputum, see Wadsworth, Jour. Inf. Dis., iii., 1908.

b See Macfadyen, Brit. Med. Jour., 1908, ii., p. 776.

8 See for study of pneumococcus infections relating to the crisis, Strouse, Jour. Exp. Med., xi., 743,
1909.
7 Rosenow, Jour. Inf, Dis., vol. iii., p. 683, 1906.
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to phagoeytosis, virulent strains are not, but may become so when under
artificial cultivation they lose their virulence. With the restoration
of virulence by passage through a series of animals, resistance to phago-
cytosis returns.

Rosenow has also determined that pneumonic leucocytes are more
actively phagocytic than normal leucocytes. He finds the pneumococco-
opsonin quite resistant to heat, and that it may fall below normal in
fatal cases of pneumonia, while, during or after crises in cases which
recover, it may rise above the normal. He states that pneumococci
when first isolated from the blood of pneumonia patients, whether
before, during, or after crisis, usually refuse phagocytosis.

Rosenow calls attention to the significance of leucocytosis, in pneu-
monia as well as other infections, in fostering phagocytosis, and, while
attributing considerable importance to the réle of the phagocytes in
the destruction of pneumococei in vitro, considers that as yet experi-
mental proof is lacking that the crisis and recovery in pneumonia are
to be attributed to opsonification and phagocytosis alone.?

The studies of Wolf? on the opsonic power of the blood during the
course of pneumonia call attention to the significance of leucocytosis
in sustaining the pneumococcidal capacities of the blood above the
degree indicated by the opsonic index (see p. 187). Although his
observations are confined to a few cases, he concludes that ‘“in pneu-
monia the pneumococco-opsonic index is first decreased, but rises in
favorable cases, reaching its height soon after crisis, while in fatal cases
it remains persistently low. The estimated total antipneumococcal
index (estimated from the leucocytic index and the opsonic index) is
early increased and remains high until crisis is complete in cases with
favorable termination.”

A few observations of Wolf! on cases treated with the dead bodies of
pneumococci—*“ pneumococcal vaccines”—seem to him to indicate that
these exert a favorable influence upon the course of the disease.

Staining Reactions.—For staining the pneumococcus with its capsule the following
method of Hiss® gives good results. Mix the exudate or culture containing the
organism on the cover-glass with a drop of blood-serum spread thin, dry and fix by
heat. Add a few drops of the following stain: Five- or ten-per-cent. solution of
gentian violet (5 c.c. saturated aleoholie solution of gentian violet plus 95 c.c. distilled
water). Heat gently until steam rises. Wash off the stain with a twenty-per-cent.
solution of cupric ~ulphate. Dry and mount in balsam.

If the material containing the organisms already contain serum, the preliminary
mixing with this is unnecessary. Pneumococei in sputum, which without the addition
of serum are often stained, with it not infrequently give better results.

The method of Weleh* gives good results, but annoying precipitates often form.
After drying and fixing the specimen upon the cover-glass in the usual way, it is
treated with glacial acetic acid, which is at once drained off and replaced by anilin-
gentian-violet solution (p. 144), this being drained off and renewed several times until

1 For a study of the virulence of pneumococcus during pneumonia sce J argens, Zeit. f. exp. Path.,
Bd. iii., p. 236, 1906.

2 Wolf. Jour. Inf. Dis., vol. iii., p. 731, 19086,

3 See on methods of staining encapsulated pneumococci Hiss, Jour. Exp. Med., vol. vi., p. 317,
1901 5: alko Wadsworth, Jour. Inf. Dis., vol. iii., p. 610, 1908.

4 Welck, Johns Hopkins Hospital Bulletin, vol. iii., p. 128, 1892,
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the acetic acid is displaced. The specimen is now washed with a two-per-cent. solu-
tion of sodium chlorid, in which it may be covered and studied. The pneumococcus
may be stained in sections by Weigert's modification of Gram’s method with prelim-
inary contrast stain (see p. 144). By this method the fibrin in pneumonic exudate
is also stained.!

Streptococcus Mucosus Capsulatus.

In pneumonic and other exudates and in the normal throat one occasionally finds
a capsulated organism growing in short chains and forming about the colonies a mass
of mucus-like material. It is virulent for mice, less so for rabbits. After growth
through several generations on artificial culture media it loses its capacity for forming
the mucous material and its virulence diminishes. This organism is regarded by
some as a variety of the pneumococcus, by others as a separate species.?

GONORRH(EA AND OTHER INFLAMMATORY LESIONS INDUCED BY THE
MICROCOCCUS GONORRHEZ (Gonococcus).

The Micrococcus gonorrhae@ (gonococcus) is most commonly found in
the exudate of gonorrhceal inflammation of the mucous membranes,
especially of the urethra. It may be free or enclosed in leucocytes or
other cells (Fig. 125), within or between the epithelial cells. The
organism may be distributed from

the seat of primary lesion, giving T,
rise to gonorrhceal arthritis, to ma- ) S
lignant endocarditis, to exudative ) \-‘5.}- o~
inflammation of the pleura, and to S

inflammatory processes in other
parts of the body.?

The gonococcus may in the pri-
mary as well as in the secondary
lesions be associated with the “pyo- a2l
genic cocci,” the colon bacilli, or S
other micro-organisms. These as- al
sociations have becn observed in
cases of pyzmia following gono-
coccal infection. The gonococcus is
usually most abundant in the urethra during the acute stage of the
inflammation. But long after the organisms have disappeared from
the urethral discharge they may be present in small numbers in the
deeper portions of the urethra or in the prostatic secretions whence,
under favoring conditions, a fresh infection may arise. In the female
the inflammation develops in the urethra and cervix, and, through the
transportation of the gonococci, may extend along the mucous mem-
brane to the uterus and into the Fallopian tubes. The germs may

Fig. 125.—Micrococets (GONORRHEE IN
CELLS.—SPECIMEN FROM THE URETHRA.

1For a full résumé of the studies on the Diplococcus pneumonire see Weichselbaum in Kolle and
Wassermann's ** Handbuch der Mikroorganismen,” Bd. ii., p. 189.

2 See Schottmller, Miinch. med. Woch., July 25th, 1905; also Buerger, Cbl. f. Bakt., I. Abth., Orig.
Bd. xli., p. 314, 1906.

3 Consult, for cases and bibliography. Younyg. ** Welch Anniversary (‘ontributions to the Science
of Medicine,” p. 677, 1900; also, Elting, Albany Med. Ann., Mar., 1900, bibl,
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enter the peritoneum, inducing exudative inflammation. Hyperplasia
and suppuration of lymph-nodes near the inflammatory region may
occur. Gonorrheeal conjunctivitis is similar in origin and character to
the inflammation of the urethra.

Characters of the Gonococcus.

The gonococcus is apt to occur in pairs, the apposed sides being more or less dis-
tinctly flattened (Fig. 126). It stains readily with the anilin dyes, and differs from
most known cocci which might be mistaken for it in that it is decolorized by the iodine
solution in the Gram method of staining. It is well after the decolorization by this
method, and before mounting in balsam, to make a contrast stain with a dilute aque-

Frg. 126.—Micro-
coccus GONORRHEX
(GoNococcus).

From culture.

ous solution of Bismarck brown. Then the gonococei will be of
light-brown color, while most other germs will retain the violet
color.

The gonococcus is non-motile and does not grow at ordinary
room temperatures nor on the ordinary solid or fluid culture
media. It may, however, be cultivated at the temperature of
the body on human blood-serum or on a combination of this
with agar.

In serum-agar the surface growth of the gonococcus is in the
form of small circular, sharp-edged, slightly raised, nearly trans-

parent colonies, coarsely mottled in the central portion, finely
granular toward the borders. The life of the colonies under artificial culture is
short, but by frequent transference to fresh media it may be maintained indefinitely
and gradually adapts itself to the artificial environment.

The.gonococcus is readily killed by heat and light and drying and is very vulnerable
in the presence of many common disinfectants.

It is probable that the organism has no natural habitat outside the bodies of
human beings. The lower animals are not, as a rule, susceptible to inoculations of
the mucous membranes with the gonococcus, but suppurative inflammation has been
induced in mice and guinea-pigs by intraperitoneal injections.

Inoculations of pure cultures of the gonococcus upon the urethral
mucous membranes of man have been repeatedly made and were followed
by a characteristic catarrhal inflammation. Thus the evidence is com-
plete that the gonococcus is an excitant of the inflammation with which
it is so constantly associated. But in what measure this germ, in what
measure others, are responsible for the complicating inflammations
when both germs occur together, is yet to be determined. The gono-
coccus appears to act rather through its endotoxins than by soluble
substances set free in its growth.

Inasmuch as one or more forms of cocei and diplococei occurring in
the normal and in the inflamed urethra are morphologically similar to
the gonococcus, great caution should be exercised in doubtful cases in
deciding upon the nature of suspicious micro-organisms in urethral
discharges or other exudates. But the pronounced tendency of the
gonococeus to gather within cells; the sometimes conspicuous but often
ill-defined flattening of the apposed sides of the gonococci; the decolor-
ization by Gram’s method, which leaves most other germs apt to be
associated with the gonococcus still stained, and whenever practicable
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the artificial-culture characters—these all should be considered in the
summary of evidence.!

ACUTE CEREBRO-SPINAL MENINGITIS.

This is an acute infectious process of which the characteristic lesion
is an exudative inflammation of the pia mater of the brain and cord.

As arule the inflammation of the pia mater results in the production
of serum, fibrin, and pus, which infiltrate the pia mater and accumulate
in the ventricles, so that the gross appearance of the brain is character-
istic. The exudation is often especially abundant at the base of the
brain and over the posterior surfaces of the cord. In children the dis-
tention of the lateral ventricles with purulent serum may be a marked
feature, while in adults the quantity of serum is apt to be small. (For
details of the lesions in exudative meningitis see Nervous System.)

While the above are characteristic lesions of this disease, there are a
number of secondary or associated septiceemic or tox@mic lesions in
different parts of the body. There may be subserous punctate hemor-
rhages in the endocardium; petechiz in the skin; acute arteritis; hyaline
and granular degeneration in the voluntary striated muscle; occasional
multiple abscesses in various parts of the body; suppurative inflamma-
tion of the joints; albuminous degeneration of the heart, liver, and
kidneys; and hyperplasia of the gastro-intestinal lymphatic apparatus
and of the spleen.

Cerebro-spinal meningitis may occur by itself or in connection with
some other acute infectious disease, such as acute lobar pneumonia,
mycotic ulcerative endocarditis, pysmia,
multiple suppurative arthritis, otitis media,
puerperal fever, typhoid fever, etc.

It may be epidemic, the lesions, however,
being essentially similar to those in the simple
acute form.

The bacterial excitants of simple sporadic g, 127.—DipLococcrs INTRA-
cerebro-spinal meningitis are most commonly  crLLvLARI. —MENINGOCOCCUS,
the pneumococcus and Streptococcug pyo- pufl'c‘:‘;"mﬂ“;‘ "c';';‘"":f be"p:,’;‘.;‘l'l‘:
genes. Of less frequent occurrence in the cerebro-spinal meningitis.
lesions are the influenza bacillus, the typhoid
bacillus, and the gonococcus. Other bacteria have been recorded.

Epidemic Cerebro-Spinal Meningitis.—This form of exudative inflam-
mation of the meninges of the brain and cord is induced by an organism
named by Weichselbaum Diplococcus intracellularis meningitidis (menin-
gococcus) because of its form and its frequent presence within cells of the
exudate (Fxg 127). While often occurring in epidemics, infection
with the meningococcus may be sporadic.

! Von Hibler, Centralbl. f. Bakt., Abt. I., Bd. xix., p. 120, 1896. For summary of -;tudles on the
gonococcus with bnblmgmphy consult Neuaer and W. Scholu in Kolle and Wassermann's ** Handbuch
der Mikroorganismen,” Bd. ii., p. 148.

l(xn:t ei;zgnhenslve blb'xogr phy may be found in an article by Elting, Albany Medical Annals,
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The lesions are in general similar to those above described in exuda-
tive inflammation of the meninges with other excitants, but, in distri-
bution and type, present some moderately characteristic appearances.
The exudate, which is purulent, sero-purulent, or fibro-purulent, is
usually most marked at the base of the brain and on the posterior
surface of the cord. In death at an early period there may be simple
hyperemia with little exudate. The purulent exudate consists largely
of polymorphonuclear leucocytes, but there may be large polyhedral

F1G. 128, -AcuTE ENDARTERITIS AND ARTERITIS IN EPipEMIC CEREBRO-S8PINAL
MENINGITIS.

The endothelium is raised from the membrana elastica by an accumulation of cells——shown in the
next figure. The muscularis is also involved.

cells mingled with them. These large cells, apparently derivatives of
endothelium, are phagoeytic and may contain leucocytes, red blood
cells, ete. At later periods these large cells may preponderate in the
exudate. The exudate may be present in the superficial layers of the
brain and may involve the cranial nerves and the spinal nerve roots.
There may be proliferation of neuroglia cells.! Acute arteritis with
the accumulation of leucocevtes and the formation of new cells beneath
the endothelium of the small arteries of the brain and cord (Figs. 128
and 129) is often present in this disease.

In the prolonged, so-called chronic cases there may be cedema and
thickening of the pia mater and degeneration of the pus cells.

1 For an epitome of le:ions see C'ouncilman, Jour. Amer. Med. Assn., vol. xliv., p. 997, 1905.
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Characters of Diplococcus Intracellularis Meningitidis.

It is a diplococcus, considerably resembling the gonococcus, the
pairs and tetrads being often flattened on the apposed sides. It is non-
motile, not staining by Gram’s method. It grows readily though not
voluminously on appropriate culture media at body temperature. It
is readily killed by exposure to sunlight, and by drying as well as by
heat, cold, and the common disinfectants.

While the meningococcus is most abundant in the meningeal exudate,
and is obtained on lumbar puncture, it has been found in the blood!

F16. 129.—ENDARTERITIS IN CEREBRO-8PINAL MENINGITIN—EPIDEMIC.
Leucocytes and polyhedral cells have gathered between the endothelium and the muscularis
in this small artery.

and in the nasal passages. Agglutinative substances are formed during
the infection.

Pathogenicity.—Inoculations of cultures into various animals, mice,
rabbits, guinea-pigs, etc., show that it is moderately pathogenic, the
effects seeming to be largely due to an endotoxin. Flexner has induced
in monkeys lesions almost identical with those of man.?

Source.—The frequent occurrence of the meningococcus in the
nasal passages both in those suffering from epidemic cerchro-spinal
meningitis at an early period and in those closely associated with them,®
while it is usually absent in well persons not exposed to the disease,
leads to the conclusion that the infectious material may be transmitted
by the nasal secretion directly, or through the air in the spray caused by
sneezing. There is reason for believing that entrance is gained through
the naso-pharyngeal mucous membrane,* and through the pharyngeal
tonsil. This is obviously possible through the direct connections which
exist between the meninges and the nasal mucosa by lymphaties which
pass the cribriform bone with branches of the olfactory nerve. But the
possibility of origin through the blood is to be held in mind.*

1 Elser and Huntoon, Jour, Med. Res., xx., 377, 1910, bibl.; also, Davis, J. Inf. Dis,, iv., 558, 1907.

2 See Flerner, Trans. Assn. Am. Phys., vol. xxi., p. 378, 1906; ulso, Jour. Exp. Med., vol. ix., pp.
105 and 142, 1907.

3 See Weichselbaum and Ghon, Wiener klin. Wochenschr., June 15th, 1905, p. 625; also Goodwin and
v. Sholly, Jour. Inf. Dis., Suppl. No. 2, Feb., 1908, p. 21; also Hasslauer, Cbl. f. Bakt., Abth. 1., Orig.
Bd. xli., pp. 633, 723, 796, 1906; also Elser and Huntoon, 1. c. supra.

4 Weatenhoeffer, Berl. klin. Wochenschr., June 12th, 1905, p, 737.

5 For a study of cases with hibl. consult Councilmmann, Mallory, and Wright, ** Special Report of the

State Board of Health of Massachusetts,” 1898; also Elser, Jour. Med. Res., vol. xiv., p. 89, 1906. For
agglutinative reaction see Jaeger, Zeitsch. f. Hygiene u. Infkr., Bd. xliv., 1903, p. 225.
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Serum Therapy.— By the immunization of horses with dead and
living cultures of meningococcus, and with extracts of the bodies, cura-
tive sera have been prepared.! The Flexner serum injected intra-
spinously has been found after critical tests on a large number of cases
to be an extremely valuable curative agent.?

Micrococcus Catarrhalis.

Diplococei resembling the meningococcus and called M. catarrhalis have been
found on respiratory mucous membranes. Their cultural characters are quite similar
to those of the meningococcus, for which they may be easily mistaken. They are
believed to be incitants of catarrhal inflammations. They are often associated with
pneumococcus and the influenza bacillus.

GLANDERS.

Glanders is an infectious disease incited by the presence and growth
in the body of the Bacillus mallei.

It is most common in the horse, affecting the mucous membrane of
the nose (when involving the skin the disease has been called farcy),
and can be communicated to man and to certain other of the domestic
animals by direct or accidental inoculations.

Man is quite susceptible to glanders infection, and the disease is
most frequent in those who come much into direct contact with horses.
The seat of primary local infection is most often the skin, more rarely
the mucous membranes about the nose and mouth.

The local lesions are similar in man and the lower animals. In the
presence of the Bacillus mallei there is usually a circumseribed or more
rarely a diffuse infiltration of the tissue with leucocytes and young con-
nective-tissue cells. These whitish foci of cell accumulation may be
small and to the naked eye resemble miliary tubercles, or they may be
larger and nodular. The tissues about them may be infiltrated with
blood. But the accumulated cells are apt, in the presence of the bacilli,
to become necrotic and disintegrate and thus lead to smaller and larger
abscesses, or, if near the surfaces, to ulcers. If they occur on mucous
membrancs these lesions are often accompanied by intense diffuse
catarrhal inflammation.

As the glanders nodules soften, the bacilli are apt to diminish in
number or in the capacity to stain, so that it may be possible to detect
their presence only by inoculation or culture methods.

The disease may begin at a single point, so that it may be mistaken
for a carbuncle or gangrenous erysipelas. But the infection is apt not
to remain local; the bacilli, finding their way along the lymph-channels
into various parts of the body, set up fresh foei of inflammation and
necrosis. Then the skin may be covered with a pustular eruption;
furuncles, carbuncles, and abscesses may form beneath the skin and in
the muscles. Nodules are found in the nasal mucous membrane, the

1 Wassermann, Deut. Med. Woch., xxxx., 1287, 1907; Flexner and Jobling, Jour. Exp. Med., x., 141,

1908.
2 Flerner, Jour. Am. Med. Assn., liii., 1443, 19809,
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lungs, kidneys, testes, spleen, and liver. The joints may be inflamed,
and there may be osteomyelitis. Leucocytosis may accompany infection
with the B. mallei.

The glanders infection may, however, pursue a more chronic course,
with hard, persistent nodules and sluggish ulcers. Under these condi-
tions the detection of the bacillus in the tissue by a simple morphological
examination may be difficult.

While some forms of glanders nodules somewhat resemble in gross
and microscopic appearance certain forms of miliary tubercles, the
absence in the former of coagulation necrosis and of giant cells, and
the tendency to rapid disintegration and softening in the latter, will
usually suffice for the distinction between the two sets of lesions. But
the demonstration of the bacilli characteristic of each is in all cases
decisive.

Characters of the Bacillus mallei.—The Bacillus mallei is a slender bacillus pro-
portionately thicker than the tubercle bacillus, with rounded ends, occurring singly
orin pairs (Fig. 130). It stains easily with the anilin dyes, but readily gives up the
color in presence of even feeble decolorizing agents such as

dilute alcohol or acids. It is left decolorized by Gram's method. \

It is non-motile, does not form spores, and frequently shows A’;
vacuoles and various involution forms. \( .

In the tissues the bacilli may be stained with Léffler’s ﬁ L\l
alkaline methylene blue. 7|V~

The glanders bacillus grows readily on almost all of the
ordinary artificial culture media, and best at blood heat. The  Fic. 130.— BaciLLrs
growths on solid media are apt to be viscid. On potatoes it Marszt,
forms in two or three days an abundant yellowish pellicle which
in a few days darkens and finally becomes brown in color. It gradually loses its
virulence in successive generations of artificial cultures. The germ is easily killed by
moist heat, by sunlight, drying, and the several germicidal chemicals.!

Field mice and guinea-pigs are very susceptible to infection with the Bacillus
mallei, and develop highly characteristic local and general lesions.

Toxic Products and Immunity.—The toxic product of B. mallei is chiefly stored in
the body of the organism as an endotoxin. On extraction by methods similar to those
usedin the preparation of tuberculin, (p. 261), the product called mallein has been
found useful as a means of diagnosis in glanders, affected animals showing local re-
actions and a sharp rise of temperature, and marks of toxemia.

Immunity is not apparently secured by glanders infection and while antibodies—
agglutinins—are formed, effective curative sera have not been prepared.

DiagNosis.—In cases in which an early diagnosis is imperative it is well, in
addition to the morphological examination and cultures of the suspected exudate, to
Inject a small amount into the peritoneal cavity of a male guinea-pig. If the virulent
glanders bacilli be present, within two or three days the testicles will swell and
develop an intense suppurative inflammation.

Other Bacilli Related to Bacillus Mallei.

Several bacilli, apparently related to the B. mallei, have been found in various
le_SlOns in men and lower animals. Thus an organism called Bacillus pseudotuberculo-
sishas been found in certain nodular lesions somewhat resembling tubercles which are
especially frequent in rodents. B. pseudotuberculosis liquefaciens has been described
In a series of cheesy nodules of the peritoneum, pancreas, and liver in man. In this
group also belong organisms which have been found in noma.

'For a résumé of characters of the glanders bacillus see Wiadimiroff in Kolle and Wassermann's
dbuch der Mikroorganismen,” Bd. ii., p. 706.
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Chancroid (Soft Chancre).

Soft chancre or chancroid is an acute inflammatory lesion usually of the genital
regions, at first pustular then ulcerative. The infective agent is communicated by
contact. Neighboring lymph-nodes are apt to suffer an acute hyperplasia passing into
abscess.

In the lesion of soft chancre and the discharge from it a small oval bacillus (*Du-
crey’s bacillus”’) has been frequently found either clustered or in chains. It stains
readily with methylene blue, although it easily loses the color. It usually occurs
with other micro-organisms, and has been found, though not commonly, in the buboes.
It has been obtained in pure culture, in rabbit-blood agar and in human blood, and
inoculation experiments in man and in monkeys indicate its pathogenicity.!

ANTHRAX. (Splenic Fever; Malignant Pustule; Charbon; Carbuncle.)

This disease, which is much more common in the lower animals,
especially the herbivora, than in man, is widely prevalent in Europe.
It is comparatively rare in the United States, but in certain regions is
more common than formerly.

It is induced in man by accidental inoculation with the Bacillus
anthracis, which also incites the disease in the lower animals. Inocu-
lation may occur through the skin by the agency of flies and other

F16. 131.—ANTHRAX—MALIGNANT PUSTULE—OF THE SKIN.
From a man who had becn handling foreign hides in New York. Bacilli stained.

insects which have been feeding on animals infected with this disease,
through abrasions or slight wounds on the hands of those handling
their carcasses or hides, or in other ways. Following this skin inocula-
tion a pustule is apt to develop—‘malignant pustule’’—and varying
phases of an acute exudative inflammation, which may be heemorrhagic,
sero-fibrinous, purulent, or necrotic, accompany the local proliferation
of the germs (Fig. 131). Anthrax bacilli in large numbers may be pres-
ent in the local lesion. From this local source a general infection may
ensue. General infection may occur without evident external lesion.
Infection with anthrax may occur through the lungs, most often
among those who handle infected wool or hides, the dust from which is
inhaled (“wool-sorter’s discase””). Under these conditions there may
1 See Davis, Journal of Medical Research, vol. ix., 1903, p. 401, bibl.
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be cedema, lobular pneumonia with involvement of the pleura, medias-
tinum, and other adjacent structures. Infection through the gastro-
intestinal canal takes place by the ingestion of food containing anthrax
spores, and is apt to be accompanied with inflammatory and necrotic
changes, which are described in detail among lesions of the intestine.
This is a common mode of infection in animals.

When general anthrax infection occurs the post-mortem appearances
vary. Decomposition, as in other acute infections, generally sets in
early. The blood is frequently not much coagulated and dark in color.
Hemorrhages and ecchymoses are frequently found in the serous and
mucous membranes and in various other parts of the body.

Fie. 132.—BacILLUS ANTHRACIS GROWING IN THE BLOOD-VESSELS OF THE LIVER OF A Mousk IN-
OCULATED WITH A PURE CULTURE OF THE BaciLLus.

The lungs may show small hemorrhages and cedema, and the bron-
chi may be deeply congested. The pleural cavities may contain serum.
The intestines may exhibit the lesions of the so-called intestinal mycosis.
The bronchial and other lymph-nodes may be swollen. The spleen may
be swollen, very dark in color, and soft, sometimes almost diffluent.

The bacillus may be found, usually in large numbers, in the spleen
and in the capillary blood-vessels, especially in the liver (see Fig. 132),
lungs, kidneys, and intestine.!

Characters of the Bacillus Anthracis.

The Bacillus anthracis is from 5 to 20 s long and about 1 to 3y broad, and is often
uneven along the sides. The ends of the bacilli are square or slightly concave, and
the _bacilli often hang together end to end, forming thread-like structures (Fig. 133).
whl!e the bacilli in the vegetative condition are easily killed, they develop spores
outside the body only, and these are very invulnerable to the ordinary germicidal

Mi ! For hipliogmphy and résumé of anthrax see Sobernheim, Kolle and Wassermann's ** Handbuch der
kroorganismen,” Bd. ii., p. 1.
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agents and to heat, resisting often for many days the action of from 2- to 5-per-cent,
carbolic acid and defying for some minutes the action of live steam. Anthrax bacilli
are immobile, sometimes capsulated, and are easily stained by the anilin dyes. They
grow readily on artificial culture media at ordinary room temperatures, fluidifying
gelatin,

Subcutaneous inoculation of cultures of the anthrax bacillus into various species of
animals induces characteristic lesions. White mice and guinea-pigs are especially
susceptible, usually succumbing to the anthrax septicemia in from two to four days.
Serous exudations, often bloody and with many bacilli, develop at the seat of inocula-
tion, while in the blood multitudes of the bacilli are found.

IMMuUNIZATION.—If cultures of the anthrax bacillus be made at a temperature of
about 42° C., growth occurs, but it is meagre. Spores are not formed as they are at

— body temperature, and the virulence of the germ dimin-
, ishes day by day, so that at last the most susceptible
- \ animals are not affected by large inoculations of the
- O living organisms. If fresh cultures of these organisms
/— ‘ \ be made in various stages of their diminishing virulence
( and maintained at their optimum temperature, spores
will again form, the jgrowth will become vigorous, and
in morphology quite characteristic; but the physiolog-
ical qualities which determine virulence will remain
Fia. 133.—BaciLLus ANTHRACIs  More or less in abeyance.

CONTAINING SPOREs. By inoculation of animals with anthrax cultures,
From a culture. first with those which had been kept at 42° C. for from
fifteen to twenty days, and thus had but feeble virulence,
and passing to those cultivated at 42° C. for a shorter time and which were thus more
virulent, Pasteur secured immunity from anthrax in a series of the lower animals (see
p. 162). Based upon these experiments a method of protective inoculation has been
practised on a large scale among sheep and other animals in some parts of Europe
which has been of great economic value. The death rate from anthrax has by these
methods been reduced in sheep from 10 per cent. to about nine-tenths of 1 per cent.,

and in cattle from 5 per cent. to less than four-tenths of 1 per cent.!

Little is known of soluble toxins or endotoxins of the anthrax bacillis.

ACTINOMYCOSIS.

This disease, which is of occasional occurrence in man, but is more
common in the domestic animals, especially in cattle and in horses, is
most frequently characterized by a slow suppurative and proliferative
process, often leading to the formation of large fungous masses which
may become calcareous.

In cattle, the new-formed tissue, which develops with especial fre-
quency in the jaw, is apt to extend beyond the original site and to slough,
8o that not only may the tissues of the tongue, pharynx, larynx, ete.,
be involved, but secondary nodules of similar character may form in the
lungs, gastro-intestinal tract, and skin.

In man, suppuration with necrosis and the formation of abscesses,
ulcers, and fistule, are the most marked lesions in parts near the surface
of the body. In the lungs the lesions may be essentially those of an
acute general bronchitis or in the form of broncho-pneumonia (Fig. 134),
with the formation of new tissue.?

1 For a study of opsonic substances in dog serum favoring phagocytosis of anthrax bacilli see
Hektoen, Jour. Inf. Dis., vol. iii., p. 102, 1906.

?For a detailed descripton of the lung lesions in actinomycosis, with general bibliography, see
Hodenpyl, ** Actinomycosis of the Lung,” New York Medical Record, Dec. 13th, 1890.
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Abscesses and cavities may form which extend into adjacent parts.
In intestinal actinomycosis nodular masses of new tissue with ulceration
may develop in the mucosa and submucosa. Metastases have been
described. The excitant of this disease—now most commonly called
Actinomyces bovis—is a micro-organism which seems to be more closely
related to the moulds than to the bacteria.. It is, however, considered
here because its botanical position is not yet clearly established, and it
is still commonly regarded as one of the so-called pleomorphous or
‘“higher bacteria” (see p. 135).

Fi16. 134.—ActiNnoMYCEs GROWING IN HumaN BroNcHuS.

(The bulbed ends of the filaments are seen in the borders of the colony. The bronchus, cut lengthwise,
contains purulent exudate, and its wall is becoming involved.)

The organism often grows in the tissues in the form of little rounded
masses from a size so small as to be invisible to that of a pin’s head.
They may be transparent or grayish white or yellow or dark in color.
Under the microscope these masses often appear in the form of a dense
group of radiating filaments with more or less bulbous ends; hence the
common name ‘‘ray fungus.”

Characters of Actinomyces.

The organism when freed from other bacteria is readily cultivated at 37° C. It
grows in delicate branching threads which show segments resembling bacilli and cocci
besides bulbous or club-shaped forms, probably “involution forms”. Successful
inoculations of cultures have been made in animals.
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The organism is usually conveyed from one animal to another by inoculation or by
contact of the growth with a wound or an abrasion of the mucous membrane.!

In the examination of sputum, faces, pus, etc., for the presence of actinomyces
the naked-eye appearances may be of value, since the yellowish white granules are
often quite visible, especially on a black background. Suspicious masses may be
teased and studied unstained, or stained by Gram’s method. Sections of tissue may
be hardened in alcohol, and sections stained by Gram’s method with contrast eosin
stain.

Other Organisms Resembling Actinomyces.

Many forms of micro-organisms of similar general characters to actinomyces have
been described, some occurring in connection with infective processes in man and the
lower animals of which they seem to be the excitants, others living as saprophytes in
various situations. Among the apparently pathogenic forms we may mention the
following:

An organism somewhat resembling actinomyces and found in connection with a
disease commonly called mycetoma or ‘“ Madura foot,” frequent in the tropics and
characterized by new nodular growths associated with suppuration and necrosis
most often affecting the foot.?

Another form has been described in conncction with a peculiar form of erysipela-
tous inflammation of the skin; another in the so-called farcin de beuf, a disease of
cattle in Guadeloupe; this has been called Streptothrix and now Nocardia.

Several times organisms of this general character, but differing considerably from
actinomyces, have been found in inflammatory and necrotic lesions of the lungs.
Whether these are variants of that species or independent species, and how many such
there are it is impossible at present to say.® Many attempts have been made to
classify these organisms but knowledge of them is still too incomplete to permit
accurate distinctions.

Pharyngo-Mycosis Leptothrica.

Certain filamentous micro-organisms called Leplothrix, whose botanical affiliations
are not yet clear, are of common occurrence in the mouths of healthy persons. Occa-
sionally, however, a persistently recurrent attack of *sore throat,” with local tender-
ness and sometimes cough and fever, is associated with the growth of masses of lepto-
thrix in the crypts of the tonsils, at the base of the tongue, on the walls of the pharynx,
or in the nose or superior portion of the cesophagus. The leptothrix masses or colonies
form thick whitish pellicles or patches which may be superficial, or in tonsils may
extend deep into the crypts. These masses are usually firmly adherent, often leave
bleeding surfaces when removed, and the growth is apt persistently to recur.

Microscopic examination of removed portions of the growth show tufts and bun-
dles of the thread-like micro-organisms, growing among or directly out from flat epi-
thelial cell masses and mingled with various other forms of micro-organisms, mostly
cocci and short bacilli. There may be overgrowth of epithelium and collections of
leucocytes in and about the leptothrix masses. In sections of the tissue or in teased
fragments treated with iodine (Lugol’s solution) the leptothrix threads are readily
differentiated from the tissue elements and from other micro-organisms, by their
dark color.*

! For a study of the biology of actinomyces with bibl. sce Wright, Jour. Med. Res., vol. viii., p. 349,
1905.
2 Consult Wright, Journ. Exp. Med., vol. iii., p. 421, 1898, bibl.; also in Jour. Med. Res., viii., 319,
1905 and Osler’s, ** Modern Medicine, 1., 327, 1907.

3 For a description of two such cases, with a selected bibliography, see Norris and Larkin, Journ.
Exp. Med., vol. v., p. 155, 1900; also case by Tuttle, Med. and Surg. Rep., Presby. Hosp., N. Y., vol.
vi., p. 147, 1904. -

For a critical summary of this group of organisms, with a full bibliography, see monograph by
Lachner-Sandoval, ** Ueber Strahlenpilze,”” Strasburg, 1898; see also Petruschky, Kolle and Wassermann's
‘*Handbuch der Mikroorganismen,” Bd. ii., p. 832.

For a full treatment and bibliography consult the monograph on ‘‘ Aktinomykose' by Schlegel
in Kolle and Wassermann's ‘' Handbuch der Mikroorganismen,” Bd. ii., p. 861; see also M usser, Pearce,
and Guwyn, Trans. Assn. Am. Phys., vol. xvi., p. 208, 1901.

4 For further details and bibliography consult Campbell, Medical News, Apr. 4th, 1896; also Pearce,
Bull. Univ. Penn., vol. xiv., 1901, p. 217.
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INFLUENZA. Epidemic Catarrhal Fever; La Grippe.

This is an infectious disease characterized by fever, physical and
mental prostration, and exudative inflammations in different parts of
the body. Thus there may be exudative inflammation in the respiratory,
digestive, and nervous systems, either singly or together. Sometimes,
however, these local inflammations may be absent, when the disease may
be marked by the characteristic prostration and symptoms of toxzmia.
None of the lesions appear to be characteristic. The lesion of the
lungs is usually of the broncho-pneumonic type and is apt to involve the
interstitial tissue. The cut surface is smooth, the exudate is soft and
contains relatively little fibrin. The lung resembles that of “purulent
infiltration.”

The numerous bacterial studies which up to 1892 had been made on
epidemic influenza had failed to reveal any micro-organism which could
fairly be regarded as of etiological significance, although some of the
complicating inflammations of the lungs had been shown to be very
frequently associated with the pyogenic cocei—Staphylococcus pyogenes
and Streptococcus pyogenes and the Diplococcus pneumoniz.

Early in 1892, Pfeiffer, Kitasato, and Canon described the occurrence
in the bronchial exudate and in the blood of influenza patients of a very
small bacillus, hitherto unknown or possibly noted earlier by Babes.
This bacillus—B. influenze—was sometimes present in the bronchial
exudate in enormous numbers, and often with little or no contamina-
tion with other germs. It was found at the seat of other local lesions,
and the pus cells often contained many bacilli. It has been found to
persist in the body long after the active processes have ccased.?

Characters of the Influenza Bacillus.

The influenza bacillus is very small—about 0.5 x long by 0.2 by 0.3 ¢ in width—
with rounded ends, non-motile and does not form spores. It stains with some
difficulty with simple anilin dyes; but by Ziehl’s solution (p. 258), or by warmed
Loffler’'s methylene blue (p. 145), it is readily colored. It does not retain the stain
well by Gram’s method. The organism apparently dies after a few hours’ drying in
the air and soon in water and is readily killed by heat or cold or chemical germicides.

This bacillus grows best at body temperature, on glycerin-agar whose surface has
been smeared with blood—human, rabbit, or pigeon. It forms very small, scarcely
visible, dewdrop-like colonies, which, although growing close together, do not tend to
coalesce, as many micro-organisms do. It has been cultivated through several gene-
rations, but usually dies soon.

Animal inoculations have given diverse and not very marked results, most of the
lower animals being apparently quite insusceptible except to very large doses of
cultures which may have a toxic action upon them. In monkeys, however, influenza-
like symptoms have been induced by application of cultures to the nasal mucosa.

The evidence that the organism described above is the excitant of
epidemic influenza rests largely upon its apparently constant presence,
especially in the exudates of the nasal and bronchial mucous membranes,

1 For a full résumé of the characters of the influenza bacillus and its relation to various forms of the

disease, with bibliography, see the articles by Beck in Kolle and Wassermann's ** Handbuch der Mikro-
organismen,” Bd. ii., p. 359.
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where it may be present in enormous numbers and almost free from
admixture with other germs.

Cases of sporadic influenza are of frequent occurrence, especially in
towns. These are often mixed infections, the influenza bacillus being
associated with pneumococcus, streptococcus, ete.

That the organism should have been occasionally found under other
conditions,! as in chronic pulmonary tuberculosis, does not at all militate
against its significance in inciting the manifestations of influenza, since
many parallel instances are known in other infectious diseases. The
frequent discrepancy between the clinical and bacterial diagnosis in
influenza is largely due to its varying and often obscure clinical manifes-
tations which render possible and convenient the use of the name for
many phases of catarrhal and other forms of inflammation.

Immunity in any marked degree does not appear to be conferred by
influenza.

Source.—Material containing the influenza bacillus is readily and
doubtless frequently conveyed from the vietims of influenza or from
those harboring the organism to the well in droplets and spray dispersed
through the air by unguarded coughing and sneezing, as well as by
direct personal contact and the use of contaminated utensils for food
and drink.

Other Organisms of the Influenza Bacillus Group.

There are several organisms in the influenza bacillus group which considerably
resemble it, some of which appear to be pathogenic, others not so. Thus several
observers have found in exudates from various sources, but especially in the respira-
tory passages, small immobile asporogenous bacilli growing best under conditions
similar to those favorable to the influenza germ, the colonies being similar. They are
somewhat larger than the influenza bacillus, and tend to form threads. This organism
has been called the pseudo-influenza bacillus—B. pseudo-influenze. Its pathogenic
capacities are not clear, but it evidently differs in this respect from the genuine influ-
enza bacillus. In stained specimens of exudate the pseudo-bacillus may be mistaken
for its relative. It seems probable that there may be several forms of organisms not
distinguishable at present from each other and from the influenza bacillus, which
have been grouped under the name B. pseudo-influenzse, so that the use of the name
is of doubtful value.?

Another bacillus of this group, B. conjunctivitidis—Koch-Weeks bacillus—has
been found in conjunctival catarrh by several observers in various countries and is
doubtless the inciting factor in a readily communicable form of conjunctival inflam-
mation. This bacillus, resembling the influenza bacillus, is somewhat longer and
grows on blood-free media. It may be differentiated by cultural characters. Animal
inoculations have heen negative.

TYPHOID FEVER.

Typhoid fever is an acute infectious disease incited by the Bacillus
typhosus. The reaction of the body to this bacillus is usually mani-
fested by characteristic lesions, especially by hyperplasia and neecrosis

1 See Park, ‘' Pathogenic Bacteria and Protozoa,” Second ed., 1905, p. 324; see also for studies of
this organism Lord, Bost. Med. and Surg. Jour., vol. clii.. pp. 537 and 5§74, 1805, also Auerbach, Zeits.
f. Hygiene u. Infkr., Bd. xlvii., p. 259, 1904; also Daris, Jour. Inf. Dis., vol. iii., p. 1, 1906.

For a study of the influenza bacillus in inflammations of the respiratory tract in infants see Woll-
atein, Jour. Exp. Med., vol. viii., p. 681, 1906.

2 See ref. Wollstein above.
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in the lymphatic structures of the intestines and the mesenteric lymph-
nodes, and in the spleen, as well as by the more general alterations
incident to toxemia and septiczemia; but the infection is occasionally
of the septicemic type without characteristic local lesions in the intes-
tines, or mesenteric nodes, or other viscera.

THE BaciLrus oF TypHoID FEVER.

The presence of a bacillus, called Bacillus typhosus, in various parts
of the body in typhoid fever, in a considerable proportion of the cases
examined, has been well established. This bacillus does not occur in
the body, so far as is known, except in connection with this disease.

Characters of the Bacillus Typhosus.

The typhoid bacillus is usually about three times as long as broad, being about one-
third as long as the diameter of a red blood cell. It is rounded at the ends, motile,
adrobic, facultative anaérobic, and asporogenous.
It grows readily at room temperature on the ordi-
nary media. In cultures the bacilli often cling
together end to end, forming threads (Iig. 135).
It is readily killed by heat, is fairly resistant to
chemical germicides, and remains alive for some
time frozen in ice.

The inoculation of lower animals with the
typhoid bacillus may result in various lesions, and
prove fatal, but typical typhoid fever is not
induced.!

The typhoid bacillus in its growth in cultures
does not seem to produce soluble toxins of
marked potency in very considerable amount though there is evidence that some
such poison is formed.? On the other hand. there is stored up in the bodies of the
bacilli a virulent endotoxin which has been largely used in artificial immunization.

F1a. 135.—BaciLLus TyYPHOSUS.

It is probable that the more characteristic symptoms and lesions of
typhoid fever are largely due to the absorption of toxic substances which
are produced as the result of the life processes of the bacteria at the
point of their greatest accumulation and activity. It should be borne
in mind that the typhoid bacillus, as is the case with many other bac-
teria, may induce local changes by means of its endotoxins, which are
set free as the organisms disintegrate after their death in the body.?

PRIMARY CHARACTERISTIC LESIONS.

We shall first consider the lesions which are most common and char-
acteristic of typhoid fever. .

The Intestines.—The lesions of the intestines consist of an inflamma-
tory enlargement (hyperplasia) of the solitary lymph-nodules and of
the agminated lymph-nodules (Peyer’s patches). Necrosis of the nod-
ules with uleeration frequently follows the hyperplasia.

1 For a study of experimental typhoid see Atlassoff, Ann. Inst. Pasteur, t. xviii., p. 701, 1904, bibl.

? For a study of the soluble poisons of the typhoid bacillus see Rodet, Lagriffoul, and Aly Wahby,
Arch. de méd. exp., t. xvi., p. 397, 1904.

3 For a study of the typhoid bacillus, with reference to the pathology. dingnosis, and hygiene of the
disease, see Hiss, Med. News, May 11th, 1901.
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The process appears to begin with a catarrhal inflammation of the
mucous membrane, accompanied or immediately followed by changes in
the lymph-nodules. The lesions in the lymph-nodules begin early;
they have been observed in persons who have died forty-seven hours
after the commencement of the disease. The increase in size of the
agminated and solitary nodules may be rapid or gradual. The nodules
may be only slightly enlarged, or may project far into the lumen of the
intestine. The enlargement is usually more marked in the agminated
than in the solitary nodules. TUsually the whole of a Peyer’s patch is
enlarged, but somectimes only a part of it. If the enlargement be
gradual the different nodules which make up a Peyer’s patch may
enlarge, while the septa between them remain but little changed, thus
giving the patch an uneven appearance.

Fi1c. 136.—HyprERPLASIA OF PEYER's PaTcHES 1N TyPHOID FEVER.

The patches which are only moderately enlarged are of reddish or
reddish gray color, and soft and spongy, and their edges blend gradually
with the adjoining mucous membrane. The patches which are more
markedly affected are of grayish color, of firm consistence, and rise
abruptly from the surrounding mucous membrane (Fig. 136) or even
overhang it like a mushroom. The largest patches are sometimes
more than three-cighths of an inch thick.

The enlargement and infiltration may spread from the patches to
the surrounding mucous membrane, so that the patches appear very
large; a number of them may become fused together, and there may
even be an annular infiltration entirely around the lower end of the
ileum. The infiltration, limited at first to Peyer’s patches, may extend
outward into the muscular coat, and appear in the peritoneal coat as
small, gray, rounded nodules. This condition is usually found only
with a few patches in the lower end of the ileum; sometimes in the
ceecum and appendix vermiformis.

The solitary nodules are affected in the same way as Peyer's patches.
They may be hardly enlarged at all, or be quite prominent, or may be
affected over a larger portion of the intestine than are the patches.
Very rarely the solitary nodules are enlarged, while the patehes are not
at all or but slightly affected.
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The inflammation and enlargement of the agminated and solitary
nodules may be followed by a healing process. The character of this
process varies according to the intensity of the previous inflammation.

If the rcaction be slight and the enlargement of the nodules moderate,
the enlargement gradually disappears, and they resume their normal
appearance (resolution). In moderate enlargements of Peyer’s patches
resolution proceeds first in the nodules, leaving the septa between them
for a time still swollen and prominent. This gives to the surface of a
patch a reticulated appearance. After a time, however, the entire
patch becomes flattened and uniform. On the other hand, the solitary
nodules or the separate nodules of a patch may soften, break down, and
their contents be discharged with
some attendant hemorrhage. This
leaves a bluish gray pigmentation,
due to altered hamoglobin, in the
situation of each nodule, and this
may remain for years.

In more severe types of the
disease the enlargement of the
nodules and Peyer’s patches ends in

ulceration. This takes placc in two F1G. 137.—HYPERPLASIA OF PEYER'S PATcH
1N TypHOID FEVER, WiTH SMALL ULCERS.

ways: The separate sm.all ulcers are extending and
(¢) The enlarged nodules or have in part coalesced.

patches become necrotic, soften,

break down, and discharge into the intestine. In this way are formd
small ulcers (Fig. 137). These ulcers increase in size by the same
softening process, which gradually extends at their edges, and in this
way ulcers of large size may be formed.! The ulcers may extend out-
ward to the muscularis or to the peritoneal coat, or they may involve
the peritoneal coat also and perforate.

(b) In the severest forms of the disease considerable portions of the
enlarged patches may slough and become detached, leaving large ulcers
with thick, overhanging edges (Fig. 138). The slough may involve
only the nodules, or it may involve also the muscular and peritoneal
coats, and perforation may occur. These ulcers also may afterward
increase in size, and several of them may be joined together. When
the ulceration leads to perforation, peritonitis and death are the usual
result. In rare cases, however, the patient recovers and the perforation
is closed by adhesions.

If the patient recover, the ulcers are covered by granulation tissue,
their edges become flattened, the granulation tissue becomes firmer and
denser, and this new connective tissue is gradually covered with cylin-
drical epithelium.

. The minute changes which take place in the development of the
intestinal lesion are as follows:

1 Owing to the frequent involvement of Peyer’s patches, the larger intestinal uleers in typhoid
fever are apt to have their longest diameter lengthwise of the gut in contrast to spreading tuberculous
ulcers, which, owing to the extension of the local inflammation along the encircling lymph channels,
are apt to have the longest diameter crossing the gut. But exceptions to this general rule are common.
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At first the blood-vessels around the nodules are dilated and con-
gested, while the nodules are swollen and the epithelium may fall ofl.
Then the nodules increase in size, largely from a growth of new cells.

This cell growth is essentially a hyperplasia of normal elements of

Fra. 138.—ULceRATION OF PEYER'S PaTcHES AND SoLiTARY LyMmpH-NODULES IN TypHOID FEVER

The swollen patches and nodules are necrotic except at their edges, the central portions forming s
ragged slough.

the lymphatic tissue, namely, the lymph cells and the endothelium of
the trabecule and sinuses. There are thus two main types among the
new-formed cells: first, small cells with relatively large and deeply stain-
ing nuclei; and second, larger polyhedral or rounded cells with more
or less vesicular nuclei. The larger cells may contain foreign substances,

Fia. 139.—ENpOTHELIAL CELLS IN HYPERPLASIA OF PeYER's ParcH IN TyPHOID FEVER.

These exfoliated and newly formed cells contain various foreign substances—leucocytes, red
blood cells, fragments of nuclei, etc. Some of them are necrotic and are degenerating. A mitotic figure
is seen in one.

such as red blood cells or leucocytes (Fig. 139). The occurrence of
mitotic figures in the endothelial cells while these are in situ, and the
position and grouping of the large cells, appear to prove their endothelial
origin. The production of new cells is not confined to the nodules, but
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extends also to the adjacent mucous membrane and underlying tissue.
In many cases also little foci of similar new-formed cells are found in
the muscular, subserous, and serous coats.

In this stage resolution may take place; then the new-formed cells
degenerate and gradually disappear. In severer forms of the disease
necrotic changes are apt to supervene, leading to the larger and small
ulcers above described. The factors which determine the death of the
hyperplastic tissues are not yet fully understood. It is believed by some
to be directly due to toxic substances formed by the typhoid bacilli
which kill the tissue cells; others are inclined to attribute it to the pres-
sure which the new-formed cells exert on the nutritive blood-vessels.

F1a. 140.—PHAGOCYTES IN THE PERIFOLLICULAR SINUSES OF A MESENTERIC LYMPH-NODE IN
TypHotp FEVER.

The large cells in the sinuses contain red blood cells and blood pigment.

The conclusions on this point which Mallory draws from a long and
interesting series of studies would indicate that a proliferation of the
endothelial cells of the blood-vessels may lead to their occlusion. This
observer describes the formation of oceluding thrombi in the lymph-
vessels and smaller veins. These are composed of the proliferated
endothelial cells which have degenerated, together with fibrin whose
formation these degenerating cells induce. The accumulation of serous
and fibrinous exudate about these thrombi, and the necrosis of tissue
which may now ensue may soon be followed by necrosis of the super-
ficial epithelium and the development of ulcers. The accumulation of
polymorphonuclear leucocytes may, according to Mallory, now occur,
and, in cases which go on to recovery, healing follows by the formation
in the usual way of granulation tissue with the ultimate restitution of
the surface epithelium. Mallory lays great stress upon the phagoeytic
nature of the new-formed cells of the veins and lymph-vessels (Fig. 140
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and Fig. 141). For the significance of this process and other interesting
details we refer to the original paper.!

The lesions which we have described are found most frequently and
are most pronounced in the lower part of the ileum. They are not
always, however, confined to this situation. Enlarged and ulcerated
nodules may be found over the entire length of the ileum and even in
the jejunum. They may also extend downward and be found in the
colon, even as far down as the rectum. Similar changes may take
place in the appendix vermiformis.? A few cascs are recorded in which
local nodular foci of new cell production, necrosis, and ulceration are
limited to the colon. Clusters of typhoid bacilli may be found in these
nodules. These are usually irregularly scattered, are not limited to a
hyperplasia of the lymph-nodules, and should be distinguished from
simple nodular hyperplasia with ulceration.?

Fig. 141.—PHacocyric AND NEcRoric CELLS IN LYMPH-VESSEL NEAR PEYER'S PaTcH IN THE WaLL
or THE INTEsTINE IN TYPHOID FEVER.

Mesenteric Lymph-nodes.—The mesenteric nodes undergo changes
similar to those in the nodules of the intestines, and arc usually affected
in a degree corresponding to the intensity of the intestinal lesion.

The nodes are at first congested and succulent; then there is a pro-
duction of lymphoid cells and large cclls as in the intestinal nodules,
and the node becomes enlarged. When the enlargement has reached
its full extent, congestion diminishes, and the cells begin to degenerate.
The degeneration may take place slowly, and then the node gradually
returns to its normal condition; or more rapidly, and then little foci of
necrotic, purulent material are formed. If the patient recover the
small foei are absorbed, leaving a fibrous cicatrix; the larger foci may
become dry, necrotic, and enclosed in a fibrous capsule. Intense exu-
dative inflammation may occur in the nodes, which may be densely
infiltrated with serum, fibrin, and pus.

The Spleen.—In nearly every case of typhoid fever the spleen is
enlarged. This enlargement begins, as a rule, soon after the commence-
ment of the discase, increases rapidly until the third week, remains
stationary for a few days, and then diminishes. The organ is congested,

1 Mallory, Journal of Experimental Medicine, vol. iii.,, p 611, 1898,

? For a study of the distribution of typhoid ulcers see Baer, Am. Jour. Med. Sci., vol exxvii., p.

787, 1904,
3 See Whipple, Johns Hopkins Hosp. Bull,, vol. xvii., p. 281, 1908.
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of dark red color, and of firm consistence while it is increasing in size.
After it has reached its maximum size, its consistence becomes soft, and
there is a considerable deposit of brown pigment. The enlargement
appears to be due to congestion and hyperplasia.

Mallory describes proliferation of endothelial cells, especially in the
blood-vessels and pulp spaces, and the formation of venous thrombi.

In rare cases the softened spleen ruptures, with an extravasation of
blood into the peritoneal cavity. There may be infarctions of the
spleen, which sometimes soften and may apparently lead to peritonitis.

The Liver.—The liver may present no apparent lesion. It is, how-
ever, frequently large, pale and flabby, and in this condition the liver
cells may be the seat of simple albu-
minous degeneration.

Less frequently there are present
in the liver very small, soft, grayish
nodules (Fig. 142). These focal
lesions are sometimes too small to be
distinguished by the naked eye.

They may be situated about the

branches of the portal vein or within

the lobule. Some of these nodules

consist of masses of small spheroidal

cells, which may form a diffuse in-

filtration along the small veins.  Fro. 142—FocaL Area or ExvorrELIAL-
Mallory distinguishes two distinet =ty PRoureration an mme Liver
varieties of these focal lesions: one

formed in the lymph spaces and vessels in the capsule of Glisson by
a proliferation of the endothelium (Fig. 143); the other due to obstrue-
tion of liver capillaries, in part by the proliferation of endothelium
on the spot, in part by emboli of endothelial-cell origin, which are
derived through the portal circulation from the vessels of the spleen
and intestine. Necrotic changes may develop in and about these focal
cell accumulations.

Simple focal necroses of the liver and of other viscera, due to the
actx.ion of toxic substances in the body fluids, may occur in typhoid fever
as in many other infectious diseases.’

While small foci of cell proliferation may be present in the kidneys
as well as in other viscera, their occurrence is neither so frequent nor so
characteristic as in the liver.

In typhoid fever as in other infectious diseases toxemia may be mani-
fes?ed by disturbances in the circulatory, respiratory, and heat-regu-
latgng mechanism, and in general metabolism, as well as by manifest
lesions, such as albuminous or other degeneration of parenchyma cells
throughout the body, and alterations leading to leucocytosis.

For fuller details of studies on these focal lesions in typhoid and other infectious diseases, con-

sult M‘juofu. loc. cit. Reed, Johns Hopkins Hosp. Rep., vol. v., p. 1805. Flerner, ibid., vol.
Vi, p. 259, 1897.

16
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Secondary Lesions.

In addition to the more characteristic lesions of typhoid fever which we have
described, there are several of secondary or complicating nature. These are of suffi-
ciently frequent occurrence in the disease to require brief mention. They are in part
due to the direct action of the typhoid bacillus or its soluble poisons; in part, how-
ever, are brought about by secondary bacterial infections.!

THE Di1GESTIVE ORGANS.—In the inlestine there may be gangrene, sometimes
involving the tissues about the ulcers, sometimes apart from these. There may be
croupous inflammation of the intestinal mucous membrane of either the large or small
intestine. A slight peritonitis sometimes accompanies the intestinal lesion. A severe
peritonitis is usually due to perforation, less frequently to ulcers which reach the
serous coat, but do not perforate. When there is infiltration of the serous coat with
the new cell growth, described above, peritonitis may be associated with a produc-
tion of little gray nodules of the same character throughout the peritoneum. In-

F1a. 143.—HYPERPLASIA OF EnNpoTHELIUM IN THE LIVER IN TypHOID FEVER.
This cut shows a more highly magnified portion of the focal lesion in Fig. 142.

farctions of the spleen, inflammation of the ovaries, and perforation of the gall-
bladdar are sometimes the inciting factors in peritonitis.

Hemorrhage from the intestines may be slight and due to the inflammatory
swelling and congestion of the mucous membrane; or it may be due to the ulceration
of the follicles and opening of the blood-vessels, and is then often profuse.

There may be hyperplasia of the tonsils and of the lymphoid tissue at the base of
the tongue. Gangrenous ulcers of the sides and floor of the mouth may be present.
Catarrhal and croupous inflammation of the pharynx may be associated with super-
ficial or deep ulceration. Inflammation of the parotid leading to suppuration is not
infrequent. The submaxillary gland may be similarly affected. Enlargement and
induration of the salivary glands and of the pancreas in typhoid fever have been
described and are believed to be due to hyperplasia of the gland cells with accumula-
tion of their secretion. This may be followed by degeneration.

THE CIRCULATORY ORGANS.—The hear! in many cases is the seat of albuminous,
fatty, or hyaline degeneration, or of pigmentation. Myocarditis, endocarditis, and
pericarditis are of occasional occurrence. Thrombi may form upon the valves orin the

1For bibliography of the extra-inteatinal lesions induced by the typhoid bacillus, see Howard,
Philadelphia Monthly Med. Jour. vol. i., No. 7. p. 402, 1899.
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heart cavities, and detached fragments of these may be lodged as emboli in various
parts of the body. The arteries may be the seat of acute inflammation. If this in-
volve the intima, an occluding thrombus may be formed which may lead to gangrene
of the part supplied by the vessel, Thrombosis of the veins is common, and especially
frequent in the femoral vein late in the disease.!

THE RESPIRATORY ORGANs.—The larynx is frequently the seat of catarrhal
inflammation, with or without superficial erosions. Less frequently there is croupous
inflammation, followed in some cases by destructive ulceration; edema of the glottis
occasionally occurs.

The Lungs.—Catarrhal inflammation of the large bronchi is very common. Bron-
cho-pneumonia occurs in two forms. There may be a severe inflammation of most of
the bronchi of both lungs, with cellular infiltration of the walls of the bronchi and
zones of peribronchitic pneumonia; or there may be an intense general bronchitis,
with lobules of the lung corresponding to obstructed bronchi, either collapsed or in-
flamed, or both.

From the long-continued recumbent position of the patients, the posterior por-
tions of the lungs become congested, dense, and unaérated. Sometimes, in addition
to this, irregular portions of the lungs become hepatized. Less frequently there is
acute lobar pneumonia. Infarctions are not uncommon, and gangrene occasionally
occurs, either associated with lobular pneumonia or with infarctions, or as an indepen-
dent condition. Fibrinous pleurisy and empyema are not infrequent.?

THE GENITO-URINARY ORGANS.—The kidneys are occasionally the seat of an acute
inflammation. Catarrhal and croupous and nodular inflammation of the bladder may
occur. Hemorrhage and gangrenous inflammation in the ovaries have been recorded;
the uterus may be involved.® Orchilis and epididymitis may develop during conva-
lescence.*

THE Nervors System.—In addition to chromatolytic changes in the ganglion
cells which are common to many infectious dieases,® there may he thrombosis of the
venous sinuses and obliterating endarteritis. Acute meningitis is rare.®* Degenera-
tion and inflammation of the peripheral nerves may occur.

SUPPURATIVE INFLAMMATION may occur in almost any part of the hody in typhoid
fever. This may be in the form of boils or of deep abscesses. Post-pharyngeal sup-
puration is often one of the most serious of these complications. Post-typhoid bone
lesions are often important.”

SerticEMICc ForMs oF TypHoip FEVER WitHOUT CHARACTERISTIC
LocaL LEsIons.

Typhoid fever may occur without the characteristic intestinal and
associated lesions. In this septicemic type of the diseasce there may be
no demonstrable lesions other than those which are due to the toxzmia.?
On the other hand, inflammatory processes in the viscera—lungs, kid-"
ney, spleen, etc.—may be dependent on the presence of the typhoid
bacillus. The lesions in such cases are not, so far as we yet know,

1 See an analysis of forty-two cases of venous thrombosis in typhoid fever, Thayer, Trans. Assn.
Am. Phys., vol. ix., p. 164, 1904.

? For pulmonary complications see Robinson, Proc. Phila. Path. Soe., vol. viii., p. 141, 1805

3 Lartigau, New York Med Jour., vol. Ixxi., p. 944, 1900, bibl.

4 See Kinnicult, Trans. Assn. Amer. Phys., vol. xvi., p. 145, 1801.

8 For a study of ganglion cells in cases of typhoid fever see Nichols, Jour. of Exp. Med., vol. iv.,
p- 189, 1899, bibl. See a